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The present invention relates to erythropoietin analogs having at least one additional isite for glycosyla- 
tion or a rearrangement of at least one site for glycosylation. The invention also relates to DNA sequences 
encoding said erythropoietin analogs, and recomt>inant plasmlds and host cells for analog expression. 

5 Background of the Invention 

Erythropoietin (EPO) is a glycoprotein hormone involved in the maturation of eryttiroid progenitor cells 
into erythrocytes. It is essential in regulating levels of red t>lood cells in circulation. Naturalfy occurring 
erythropoietin is produced by the Dver during fatal life and by the kidney of adults and circulates in the 

ro btood and stimulates the production of red blood cells in bone marrow. Anemia Is almost invariably a 
consequence of renal failure due to decreased producton of erythropoietin from the kidney. Ftecombinant 
erythropoietin produced by genetk; engineering techniques Involving the expressbn of a protein product 
from a host cell transfonned with the gene encoding erythropoietin has been found to be effective when 
used in the treatment of anemia resulting from chronic renal failure. 

15 \jm levels of erythropdetin are normally present In human urine, while indivkiuals differing from 
aplastic anemia exhibit elevated levels of urinary erythropoietin. The purifteatfon of human urinary eryth- 
ropoietin by Miyake et al. in J. Biol. Chem., ^» 5558 (1977), used, as starting material, urine from aplastic 
anemic individuals. To date, however, urinary erythropoietin has not been shown to be therapeutically 
usehiL 

20 The identification, cloning, and expression of genes encoding erythropoietin are described in U. S. 
Patent l^k>. 4,703,008 to Un, the disclosure of which is incorporated herein by reference. A description of a 
method for purification of recombinant erythropoietin from cell medium Is included in U. S. Patent No. 
4,667,016 to Lai et al. The expression and recovery of bk>IogicaIly active recombinant erythropoietin from 
mammalian cell hosts containing the erythropoietin gene on recombinant piasmids has, for the first time, 

25 made available quantities of erythropoietin suitable for ti^erapeutic applications. In addition, knowledge of 
the gene sequence and the availabiirty of larger quantities of purified protein has led to a better 
understanding of the mode of action of this protein. 

Many cell surface and secretory proteins produced by eucaryotic cells are modified with one or more 
oligosaccharide groups. This modifk^ation, refenred to as glycosylatfon. can dramatteaPy affect the physical 

30 properties of proteins and can also be important in protein stabifity, secretion, and subcellular locaTization. 
Proper glycosylation can be essential for blotoglcal activity. In fact, some g&fm from eucaryotic organisnis, 
when expressed in bacteria (e.g., E coli)which lack cellular processes for glycosylating proteins, yiekl 
proteins tiiat are recovered witt) little or no activity by virtue of their lack of glycosylation. 

Glycosylation occurs at spedftc locations along the polypepti(|e backbone and is usually off two types: 

35 0-linked oligosaccharides are attached to serine or threonine resulues while N-linkGHd oBgosaccharides are 
attached to asparagine residues when they are part of the sequence Asn-X-Ser/Thr, where X can be any 
amino ackl except proline. The structures of N-linked and 0-Iinked oHgosaccharides and the sugar residues 
found in each type are different One type of sugar that is commonly found on bott) is N-acetylneuraminic 
acid (hereafter refenred to as sialip ackJ). Sialic acid Is usually the terminal residue of both N-linked and O- 

40 linked oligosaccharides and, by virtue of its negative charge, may confer ackfic properties to the 
glycoprotein. 

Botti human urinary derived erytiiropoietin and recombinant erythropoietin (expressed in mammalian 
cells) having the amino acki sequence 1-165 of human erytiiropoietin contain three M-linked and one 0- 
linked oligosaccharide chains which togetiier comprise about 40% of tiie total molecular weight of tiie 

45 glycoprotein. N-linked glycosylation occurs at asparagine residues k>caled at positions 24, 38 and 83 while 
O-Onked glycosylation occurs at a serine residue tocated at position 126 (Lai et aL J. Bid. Chem. 261, 3118 
(1986); Broudy et al. Arch. Biochem. Biophys. 2^, 329 (1988)). The oiigosaccharide chains have been 
shown to be modified with terminal sialic add residues. Enzymatic treatment of glycosylated erythropoietin 
to remove all sialic add residues results in a k>ss of In vivo activity but does not affect in vitro activity (Lowy 

50 et al. Nature 1^, 102 (1960); Qoldwasser et at. J. Bk>L Chem. 248, 4202 (1974)). This behavior has been 
explained by rapM clearance of aslatoeryttiropoietin from drculation upon Interaction with the hepatic 
asiak)glycoprotein binding protein (Monrell et al. J. BbL Chem. 2^, 155 (1968); Briggs, et al. Am. J. 
Physiol. 1385 (1974); Ashweil et al. Metttods Enzymol. 287 (1978)). Thus, eryttiropoietin possesses 
in vivo bk)logk:aI activity only when it is sialylated to avdd its binding by the hepatic binding protdn. 

55 The role of tfie otfier components in ttte oligosaccharide chains of eryttiropdetin is not well defined. It 
has been shown that partially deglycosylated eryttiropdetin has greatiy reduced In ^ activity compared to 
ttie glycosylated form but does retain in vitro activity (Dordal et al. Endocrinotogy 116, 2293 (1985); Lin 
patent, supra) . In another study, however, the removal of N-Iinked or 0-Iinked oligosaccharide chains singly 
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or together by mutagenesis of asparaglne or serine residues that are glycosylation sites sharpiy reduces in 
vitro activity of the altered erythropoietin that is produced In mammalian cells (DuK)e et al. J. Biol. Cheml 
^.17516(1988)). 

Glycoproteins such as erythropoietin can be separated Into different charged forms using techniques 
5 such as isoelectric focusing (lEF). Several parties have reported lEF studies of crude and partially purified 
erythropoietin preparations (Lukowsky et al.» J. Biochem 909 (1972); Sheiton et al. Biochem. Med. 12, 
45 (1975); Fuhr et al. Biochem. Biophys. Res. Ck»mm. ^ 930 (1981)). At most, three or four fractions 
having erythropotetvi activity were distinguished by lEF in these studies and none were characterized with 
respect to carit)ohydrate content In addition, no conrelatlon between the isoelectric points of the fractions 
10 and their biologlcat actrvrty was made. 

During the purification of urinary erythropoietin from human urine discussed in Miyake et. al. supra, two 
erythropoietin fractions from hydroxylapatite chromatography designated II and IIIA were reported to. have 
similar specific activity. A subsequent carbohydrate analysis of fractions II and lilA revealed that fraction 11 
had a greater average slaTic add content than fraction IIIA (Dordal et al. supra) . 
75 It is an object of the present invention to provide separated and isolated isoforms of erytfiropoletin 
havir^ a defined sialic add content and bk>k)gk:al activity. Pharmaceutical compositions containing such 
molecules would have therapeutic benefit 

Summary of the Invention 

20 

The subject invention relates to analogs of human erythropoietin comprising an amino add sequence 
which includes at least one additional srte for glycosylation. The added sites for glycosylation may result in 
a greater number of carbohydrate chains, and higher sialic add content, tiian human erytfiropoletin. 
Erytivopdetin analogs comprising amino add sequences which include the rearrangement of at least one 
25 site for glycosylation are also provided. Analogs comprising an addition of one or more amino adds to the 
carboxy terminal end of erythropoietin wherein tiie addition provides at least one glycosylation site are also 
included. The Invention further encompasses DNA sequences encoding such erytfiropoletin analogs, and 
recombinant piasmids and host cells for anatog expression. 

so ftief Description of tfie Drawings 

Rgure 1 shows an analytical isoelectric focusing gel of tfte separate recombinant erytfiropoletin 
isofonns. Gel lanes Ml show Isofbrnns ranging from less addic (higher pi) in lane 1 to more addk: (tower 
pi). In lane 11. Purified recombinant eryttvopdetin containing a mfocture of isofonns 9-14 is also shown in 

ss the far left arid right lames of ttie gel. 

Figure 2 shows tfie relationship between tiie number of sialic adds per erytfiropdetin isofonm and the in 
vivo specific activity of each isofonm expressed as units per mg of erytfiropoletin polypeptide. In Rgure 2A, 
ttie concentration of each erytfiropdetin isoform was determined by the Bradford protein assay; in 2B. the 
concentration was detemnlned by absorbance at 280 nm, in 2C. the concentration was determined by RIA. 

40 Rgwe 3 shows an analytical isoelectric focusing gel of defined mixtures of recombinant erytfiropdetin 
Isofonns prepared by anfon exchange chromatography under different conditions. Gel lanes 1-6 represent, 
respectively, erytfiropoletin isofcmns eluted In a high salt wash after washing tfie Q-Sepharose fast flow 
column witfi 150 mM acetic add. pH 4.7. 150 mM acetic add (unbuffered). 200 mM acetic add. pH 4.7, 250 
mM acetic add. pH 4.7. 300 mM acetic add. pH 4.7 or 300 mM acetic add (unbuffered). Purified 

45 recombinant eryttirppoietin containing a mixture of tsofbrms as obtained using procedures descn^bed in 
Bcample 2 of Lai et al.. supra, except tftat DEAE-Agarose chromatography is replaced by Q-Sepharose 
chromatography, is also shown in tfie far left lane of the gel. 

Rgure 4 shows tfie separation of erytfiropdetin isofonns 8 to 12 achieved by subjecting ceil con- 
ditioned medium appTied to a column of OSepharose to a gradient of decreasing pH and increasing ionic 

60 strengtfi. Aik^uots of even numt>ered fractions from Fraction 2 to Fraction 40 were subjected to analytical 
Isoelectric fbcu^ng. Purified recombinant erytfiropoletin containing a mbdure of isoforms obtained using 
procedures described in Example 2 of Lai et al. supra , except tfiat DEAE-Agarose chromatography is 
replaced by Q-Sepharose chromatography, is also shown in tfie far left lane of tfie gel. 

Rgure 5 shows tfie amino acid sequence of human erytfiropoletin. Squares indicate asparaglne 

55 residues to which N-finked cart)ohydrate chains are attached and an asterisk Indicates ttie serine residue 
modified witfi an 0-llnked caritxihydrate chain. 

Rgures 6A, 6B, and 6C show ttie series of doning steps used in generating piasmids for ttie 
construction and analysis of analogs of human erytfiropoletin. These analogs have amino adds altered as 
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shown in Figure 5 which provide additional glycosylation sites. 

Figure 7 shows a Western blot analysis of COS cell supennatants of human sequence erythropoietin 
and Indicated erythropoietin analogs. The analogs [Asn^, Ser^^l EPO, [Asn^^] EPO, [Asn^^s^ Ser'27] ^pQ 
and [Pro'2». Thr'sj EPO are constructed as described in Example 6. Additional analogs [Pro^^s^ Thr^z^l 
5 EPO and [Asn^». Ser^»] EPO which do not contain additional carbohydrate chains are shown for 
comparison. 

F^re 8 shows a Western blot analysis of COS cell supematants of human sequence erythropoietin 
and indicated erythropoietin analogs after treatment with N-glycanase. The analogs [Thr^^] EPO and 
[Pro^, Thr'® J EPO were constructed as described In Example 6. The arialogs [VaT^sj EPO. [Pro'^J EPO, 

to tPro'25] EPO. Uhr^^] EPO. [Pro^^s ^ s&t^tj] gpo and Uht^^ , Ser^27] epq are shown for comparison. 

Figure 9 shows an isoeiectric focusing gel of pools 2. 3 and 4 obtained by Q-Sepharose and C4 reverse 
phase chromatography of ceQ medium that supported the growth of CHO cells transfected with erythropoi- 
etin cDNA containing the [Thr^^sj mutation. Purified recombinant erythropoietin containing a mixture of 
isoforms were obtained using procedures descn*bed in Example 2 of Lai et al.. supra, except that DEAE- 

15 Agarose chromatography replaced by Q-Sepharose chromatography, is also shown in the left and right 
lanes of the gel. 

Figure 10 shows a Western blot analysis of COS cell supematants of recombinant human erythropoietin 
(rHuEPO) and selected analogs. The construction of the analogs is described in Example 6. Analogs N9. 
N14. N18. N19. N21. N24 and N39 have at least one additional carbohydrate chain as evidenced by slower 
20 gel mobiirty. 

Rgure 11 shows a Western blot analysis of COS ceil supematants of recombinant human erythropoietin 
and EPO N14 analog during N-glycanase digestion. Time points were taken at 0, 4, 12 and 45 minutes and 
after overnight digestion. 

Rgure 12 shows an isoelectric focusing gel of EPO N14 analog isoform preparations. The tow isoform 
25 pool contains EPO N14 analog having mostiy 6-12 sialic acids per molecule, the medium isoform pool 
contains analog N14 having mostiy 10-15 sialic acids per molecule, and tfie high isofomn pool contains EPO 
N14 analog having mostiy 12-17 sialic adds per molecule. 

Figure 13 shows tiie pharmacokinetics, of recombinant human erythropoietin, isolated isofonm 14 and 
EPO N14 anatog fisoforms 15-17) after intravenous injection Into rats. 
30 Figure 14 shows a cold displacement assay of I labeled recombinant human erytiiropoietin binding to 
the eryttiropoietin receptor in tiie presence of varying amounts of unlabeled rHuEPO. isolated isoform 14 or 
EP0N14anatog. 

Figure 15 shows a mouse hematocrit study comparing ttie activity of EPO N14 high Isoform pool (0.036 
and 0i)712 tig), isolated isofomfi 14 (0.036 and 0.0712 ag), EPO 177 tew isofbmn pool {D.0712 tig) and 
35 rHuEPO 0).O71 ug). 

Detaited Description of ttie tevention 

The subject Invention provktes eryttiropoletin isofbnns. The specific isofomns of erytturopotetin obt^ned 

40 In accordance witti the present invention, and ttieir properties, may vary depending upon the source of the 
starting material. Fbr exampte, tiie isofonms of urinary derived human erytiiropoietin are different tiian tt)e 
isoforms of recomt^nant erytiiropoietin. In a preferred embodiment, tiie invention relates to an erythropoietin 
isoform having a specific number fi-e. a fixed number greater than 0) of sialic ackJs per eryttiropotetin 
molecute, sakl number selected from tiie group consistkig of 1-14. Advantageously said number is 9, 10, 

45 11, 12, 13, or 14. In another embodiment, sakJ number is greater titan 14, advantageously 16-23. 

The term "erytiiropoietin Isoform* as used herein refers to eryttiropoletin preparations having a singte 
isoelectric point (pl), and having tiie same amino add sequence. TTie tenm "eryttiropoletin*. as used herein, 
includes naturally occunring erytiiropoietin. urinary derived human erythropoietin as well as non-naturaily 
occuning polypeptides having an amino add sequence and glycosylation suffldentiy dupDcative of ttrnt of 

50 naterally occurring eryttiropoletin to altew possession of in vivo biologteal properties of causing bone 
manrpw cells to increase production of reticukKytes and red btood cells. 

It has been found that discrete isoforms of recombinant erythropoietin having the amino add sequence 
of urinary derived human erytiiropoietin correspond to eryttiropoletin molecules having from 1-14 sialic 
adds, and each Isoform present in purified recombinant erythropoietin has an in wo activity whk:h is 

55 related to tiie number of sialic adds tiie isofonn possesses. 

In a prefenred embodiment, eryttiropoletin is tiie product of tiie expression of an exogenous DNA 
sequence that has been transfected into a non-human eucaryotic host cell, that is, in a prefenred 
embodiment tiie erytiiropoietin is "recombinant erytiiropoietin". Recombinant erytiiropoietin is advante- 
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geously produced according to the procedures described in commonty owned Lin U.S. Patent 4.703.008 
hereby incorporated by reference. Recombinant erythropoietin can be purified according to the general 
procedures described in Example 2 of commonly owned Lai et al. U. S. Patent 4.667.016 hereby 
incorporated by reference, or altemathfely according to the procedure descrit^ed in Example 2 of Lai et al. 

6 virherein DEAE-Agarose chromatography Is replaced by Q-Sepharose chromatography. 

Erythropoietin purified according to Bcample 2 of Lai et aL supra contains (^edominantiy six isofomts 
when anal^ed by lEF. In ad(fition, at least one additional isoform of greater acidity has been detected using 
the chromatographic procedures described in Example 4. (This more acidic form, migrating at >14 siaTtc 
adds on an lEF gel may contain nonsiaHc add negative charges as shown by the resistance of some of the 

70 charge to sialidase digestion). These Isoforms differ from each other by sialic acid content As shown in the 
Examples, this is demonstrated by isolating 10 of these isoforms by preparative lEF and detemnining the 
siaHc acid content of five of them. Of the isofwms assayed for sialic ^Id content, it is found that the five 
isofonns contained either 9, 10. 11. 12 or 13 stalic add residues. 

There is a relationship between the relative in wo specific activity of erythropoietin and number of 

75 sialic add residues per erythropdetin molecule from the isoforms 5 through 11 (each isofonm is designated 
herein by the number of sialic acids per erythropoietin molecule), tsofbnns 11 through 14 have approxl- 
malely the same relative in vivo specific activity. Isofbnns 5-14 were assayed for bi vivo activity by the 
exhypQxic polycythemic mouse bioassay and the amount of each isofomi present is detenmined by 
Bradford protein assay, at>sort>ance at 280 nm or by radioimmunoassay (RIA) for erythropoietin. RIA 

20 determinations (Egrie et al. Immunobiology V[2, 213. (1986)). expressed as units/ml, are divided by 212.770 
units/mg erythropoietin polypeptide, the average specrftc activity of purified erythropoietin as determined by 
RIA, to give protein concentrations of isolated isoforms or isofomrt mixtures expressed as mg erythropoietin 
polypeptide/ml. As shown in the Examples, the relative in \wo specific acthfitles increase step-wise from 
isoform 5 to isoform 11 (see Table 2). 

25 The in vivo specific activities refenred to herein are measurements of relative in Wvo spedfic activities 
and are not measurements of absolute in vivo specific activities. For the purposes of this application, the 
spedfic activities are used only to compare relative activities of isoforms that have been assayed using the 
same assay, using the same conditions including the same internal standard* the same type of animals, 
having the same analysis of the data used to calculate specific activity, the same assay for detenmining 

30 protein content It is not intended that any in ^fo specific activity value reported fbr any isoform represents 
an inherent or absolute value for that isofonn. 

This invention also provides compositions comprising two or more erythropoietin isofonns. In one 
embodiment the compositions comprise a mixture of isoforms having greater than a predetermined number 
of sialic adds per erythropoietin molecule, e.g. greater than 11 sialic acids per erythropoietin molecule, or 

3s greater than 12 sialic adds per molecule, e.g. a mixture of teoforms 12, 13 and 14. In another embodiment 
the compositions comprise mixtures of isoforms having a predetemnined number of sialic adds per 
erythropoietin molecule. e.g. less than 12. but greater than 8 siaTtc adds per molecule as in. for example, a 
mixture of isoforms 9, 10, and 11. The invention also provides for compositions of erythropoi^n isoforms 
wherein the relative amounts of the Isolonns are the same or different Fbr mmple, a mixture of isofomns 

40 9, 10 and 11 could have the isofonrns present in a variety of ratios such as 1:1:1, 2:3:1 or 20*20:1. 

Advantageously, the compositions comprise mixtures of less than four isoforms, for example a mixture 
of isofonns 11, 12, and 13, or a mixture of 12 and 14. or a mixture of 7 and 13. 

In order to produce mixhires of erythropoietin isoforms, this invention also provides methods of isolating 
selected erythropoietin Isoforms simultaneously. These methods include Isolafion of Individual Isofonms by 

45 techniques such as preparalh/e isoelectric focusing or preparab'on of mbdures of isoforms having a 
prsdetemnlned number of sialic acids per molecule (Ibr example, greater than 11) by techniques such as 
ion exchange chromatography or chromatofocusing. All of these techniques have as their basis the 
separation of proteins according to charge. 

In general, ion exchange chromatography and chromatofocusing involve application of either crude 

50 human erythropoietin (cell conditioned, media) or purified rnateriai to a column resin under conditions that 
permit binding of some or all of the erythropoietin Isofbnns to the resin. For crude erythropoietin 
preparations, it is preferable to apply the protein to the column at about pH 7 while for purified preparations 
the protein can be applied to the column at pH 7 down to about pH 4. After washing the column with buffer 
at about pH 4. those erythropoietin isoforms that remain bound on the ion exchange column are eluted by 

65 Increasing the pH and the salt concentration of the buffer or. by applying a gradient of decreasing pH and 
Increasing Ionic strength at about pH 4. Fbr chromatofocusing, the isofbnms are eluted from the column by 
a gradient of decree^ pH or by washing the column with a high concentration of salt 
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In a preferred embodiment individual isoibnms are isolated using ion exchange dvomatography. As an 
example, isoform 14 was isolated using ion exchange chromatogr^qphy as descn'bed in Example 8. 

Also encompassed by the invention are certain analogs of human erythropoietin. As used herein the 
phrase "analog of human erythropoietin* refers to erythropoietin with one or more changes in the amino 

5 add sequence of human erythropoietin which result in an increase in the number of sites for siaTic acid 
attachment Analogs are generated by site-directed mutagenesis having additions, deletions, or substitutions 
of amino add residues that Increase or alter sites that are available for gfycosylation. Such analogs may 
have a greater number of carbohydrate chdns than human erythropoietin. 

The erythropoietin analogs of the present invention comprise an amino add sequence which includes at 

10 least one additional site for glycosylation. Analogs having levels of sialic add greater than those found In 
human erythropoietin are generated by adding glycosylation sites which do not perturb the secondary or 
tertiary conformation required for biological activity. Advantageously, the analog of human erythropoietin has 
1, 2 or 3 additional sites for r^lycosylation or 0-glycosylation, resulting in the adcfition of 1. 2, or 3 
additional N-llnked or Olinked carbohydrate chains. For example, a teudne at position 69 is replaced by an 

15 asparagine to give the sequence Asn-Leu-Ser, which serves as a fourth site for l^lycosylation. Such a 
change can commonly provide up to four additional sialic adds per molecule. Examples of changes that 
generate additional Oglycosyiation sites are alanine at position 125 to threonine and alanines at positions 
124 and 125 to proline and threonine, respectively. Analogs may be constructed which have one or more 
additional N-linked and 0-iinked chains, for example, analogs N01 and N02 described in Table 5. As wiH 

•20 be appredated by those skilled in the art, ttie subject invention indudes many ottier analogs of human 
erytitropoietin having additional sites for glycosylation. 

Analogs having increased levels of cartx)hydrate attachment at a glycosylation site are also enconn- 
passed by ttie invention. Such analogs usually involve ttie substitution of one or more amino adds which 
are in cbse proximity to an fflinked or O-linked site. As a result of these amino acid changes, a greater 

25 proportion of erytiiropdetin polypeptides will have a carbohydrate modification. The glycosylation sites may 
be naturally occuning or generated by mutation. For example, analog N13 does not generate an additional 
carbohydrate chain even tiiough a glycosylation site was introduced at position 88. However. anak)gs N14 
and N18, which have serine and valine residues, respectfully, substituted at position 87, have an additional 
carbohydrate ch^ at position 88. 

so Also provided by fha invention are analogs whk:h have one or more amino adds extending from the 
carboxy terminal end of erythropoietin and wherein tt^e carboxy terminal €»ctension provides at least one 
additional carbohydrate site. In one embodinient. an analog was constructed by fusing fhe cart»xy-terminal 
28 aniino adds of hurnan chorionic gonadotropin (HC6) to tiie aiginine residue at position 166 of human 
erythropdetin. The HC6 carboxy^terminal fragment has four sites for Otilycosylation (Kessler et al., J. Bk)L 

35 Chem.g4> 7907 (1979)). 

Tables 3, 4 and 5 list efyttiropoietin analogs whk:h have additional sites for N-Gnked and/or O-llnked 
carbohydrate chains. The anatogs have tt» sequence Asn-X-Ser/Thr substituted at various positions in the 
human erytiiropdetin polypeptide chain to create N-linked sites or have serine or ttireonlne resktues 
iritroduced to create 0-linked sHes. 

40 Table 6 lists those anak)gs whk:h add al least one additional N-finked or one additional 0-finked 
carbohydrate chain, or add additional N-Onked and O-tinked chains simultaneously, as evidenced by the 
migration of the glycoproteins on SDS gels (Example 7). As can be appredated frorn Tables 3^, analogs 
having one or more additional sites for carbohydrate attachment do not necessarily result in erythropoietin 
molecules having additional caritwhydrate chains. For example, substitution of threora'ne reskiues at 

45 positions 123 and 125 resulted in the addition of an O-linked carbohydrate chain while substitution of serine 
or ttireonine al ottier positions did not result in anak>gs with additional O-linked chains (see Table 4). 
However, substitution of asparagine residues at positions 30. 51. 57. 09. 88. 89. 138 and 138 in the human 
eryttiropdetin amino acid sequence resulted in the addition of an funked chain at tiiose sites. The fusion 
of an HCQ polypeptide fragnr^ to ttie arglnine residue at position 1^ of human eryttvopoietin resulted in 

50 an eryttm)poietin4fCQ fusion molecule having at least two additional 

The erytftropoietin anatogs of the present invention also encompass erythropoietin having an amino add 
sequence which includes a rearrangement of at least one sHe for glycosylation. A rearrangement of a 
glycosylation site as used herein refers to the deletion of one or more glycosylation sites in human 
erytiiropdetin and addition of one or more non-naturally occuning glycosylation sites. Analogs R1. R2 and 

55 R3 are examples of such rearrangements and were constructed by deletion of tiie N-linked sites at 
positions 24. 38 or 83. respectively, and addition of an N-linked site at position 8a However, numerous 
otimr types of carbohydrate site rearrangements are possible and tiie resulting anatogs may or may not 
have a greater number of glycosylation sites compared to human erytfiropoietin. 
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Analogs R1. R2 and R3 were analyzed for in vivo biological activity and the results shown In Table 7. 
The introduction of an N-llnked chain at Asn 88 restored biological activity to erythropoietin having any one 
of the three naturally occurring N-Qnked sites deleted. These results indicate that the positions of 
cart)ohydrate chains in erythropoietin may be changed in order to generate useful analogs without 
5 significantly affecting the biological activity. 

Also encompassed by the present invention are DMA sequences encoding erythropoietin analogs 
having additional sHes for N-Onked andAMr O-linked chains, analogs having a rearangement of at least one 
attachment sHe for a carbohydrate chain, and analogs having one or more amino adds extending from the 
carboxy-terminal end of erythropoietin. Procedures used to introduce changes into the human erythropoietin 
10 DMA sequence for the purpose of creating and altering attachment sites for carbohydrates are disclosed in 
Example 6. 

These erythropoietin analogs can be the product of expression of an exogenous DMA sequence, i.e.. 
produced through recombinant DMA technology* or can be synthesized products. An exogenous DMA 
sequence comprises cDNA, genomic DNA or chemically synthesized DMA encoding an erythropoietin 

75 analog. Recombinant DNA plasmids and eucaryottc host celts useful for the expression of said analogs are 
also provided. Expression vectors include any vector which is capable of expressing cloned DNA se- 
quences in a eucaryotic host cell, particularly those vectors used fbr expression in COS and CHO cells. 
Examples of such vectors include plasmids pEC and pDECA described in Example 6 of the specification. 
The cultivation of COS and CHO host cells expressing erythropoietin analogs was carried out using 

20 procedures known to one skilled in the art. 

Isolated isofonns and mixtures of isoforms derived from erythropoietin anak)gs are obtained using the 
methods described above for preparing isoforms of human erythropoietin. These methods may include 
isoelectric focusing, ion exchange chromatography and chromatofocusing. Preferably, ion exchange 
chromatography is used to prepare individual isoforms and mixhires of isoforms derived from erythropoietin 

25 analogs. 

Increasing the number of carbohydrate chains on erythropoietin, and therefore the number of sialic 
acids per erythropoietin molecule, may confer advantageous properties such as increased solubility, greater 
resistance to proteolysis, reduced immunogentoity, increased serum half-life, and inaeased blotogical 
activity. 

30 Conditk)ned media from CHO cells expressing erythropoietin analogs were analyzed for in vivo 
biological activity and the results shown In Table 6. Several analogs tested had activity that was 3-fold or 
more higher than human erythropoietin. In particular, analogs having an additional N-iinked carbohydrate 
chain at either positkm 30 or 88. show 2- to 3-fold higher activity than human erythropoietin while analogs 
having additional O-Hnked chains as a result of fusion of human erythropoietin to the HCG polypeptide 

35 fragment have at least 2>fokf higher activity. 

Two erythropoietin anak)gs having additional cartiohydrate chains were purified and isofbnn mixtures 
having different sialic acid contents were isolated (Example 8). Thr'^s and Ser^'AsnF^Tlir^o (EPO N14) 
analogs were separated into three separate isofomo fractions and the in vivo btologteal activities fbr each 
firactioris was determined The results presented in Table 8 demonstrate that EPO N14 Isofbnn fractions 

40 having higher sialic add content have a greater in vhro activity. 

A pool of high sialic add isofonns of EPO N14 anak)g and recombinant human erythropoietin Ctsofonns 
9-14) were studied in receptor binding assays, pharmacoWnetk; experiments, and experiments to determine 
increase in hematocrit of mice. Results of these assays Indteate that there is a direct relationship between 
siafic add content, clearance haff-fife. and ability to Increase the hematocrit of treated mice. Thus, as shown 

45 in figures 13^ 14 and 15, EPO N14 »^ siaRc add isofbnn pod had a significantiy kmger in vivo half-life 
and promoted a greater Increase in hematocrit than dkl either isolated Isofbmn 14 or recoinbfnant human 
erythropoietin, even though the N14 high sialte add isoform pool did not bind as strongly to the receptor. 

Another embodiment of the invention relates to mammalian (e.g^, Chinese Hamster Ovary, CHO) host 
cells which preferentially synthesize isoforms of human erythropdetin or erythropoietin anak>gs having 

50 greater than a specific number of siaHc adds per molecule, e^^. greater than 10 sialk: adds per molecule. 
Erythropdetin molecules have N-linked and O-linked oligosaccharides structures which can limit the siaRc 
add content of the molecule. For example, tetraantennary (four-branched) N-finked oRgosaccharides most 
commonly provide four possible sites for sialic acid attachment while bi- and triantennary oligosaccharide 
chains, which can substitute for the tetraantennary fonm at asparagine-linked sites, commonly have at most 

55 only two or three sialte adds attached. 0-Rnked oligosaccharides commonly provide two sites for slalk: acid 
attachment Thus, erythropdetin molecules can accommodate a total of 14 siaRc add resklues provkfed all 
three N-linked oligosaccharides are tetraantennary. Mammalian cell cultures are screened for those cells 
that preferentially add tetraantennary chains to recombinant erythropoietin, tfiereby maximizing the number 
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of site$ for sialic add attachment 

The N-Knked oligosaccharides of urinary erythropoieb'n contain sialic add In both an a 2,3 and an a 2»6 
linkage to galactose (Takeuchi et al. J. Biol. Chem. 2^, 3657(1988)). Typically the sialic add in the a 2,3 
linkage Is added to galactose on the mannose a 1,6 branch and the siaTic add in the a 2.6 linkage Is added 

5 to the galactose on the niannose a 1.3 branch. The enzymes that add these siafic adds (^-galactoside a 
2.3 siafyltransferase and ^-galactostde a 2.6 sialyttransferase) are most efficient at adding sialic add to the 
mannose a 1.6 and marviose a 1,3 k>ranches respectively. 

Dihydrofolate reductase (DHFR) deficient Chinese Hamster Ovary (CHO) cells are a commonly used 
host cell for the productkm of recombinant glycoproteins including recombinant ^ythropoietln. These cells 

to do not express the enzyme ^-galactostde a 2,6 stalyltransferase and therefore do not add sialic add in the 
a 2.6 linkage to N-finked oligosaccharides of glycoproteins produced In these cells. (Mutsaers et al. Eur. J. 
Bk)chem. 156. 651 (1086); Takeuchi et al. J. Chromatogr. 400. 207 (1987)). Con»M)uently. recombinant 
erythropoietin produced in CHO cells lacks sialic add in the 2,6 finkage to galactose (Sasaki et al. (1987). 
supra; Takeuchi et al. (1987), supra) . 

75 In another embodiment of the subject inventton, human erythropoietin or an erythropoietin analog is 
produced in CHO cells that are transfected with a functional /^galactoside a 2,6 sialyltransferase gene to 
give incorporation of stalk: acki in a 2,6 linkage to galactose. The resulting isoforms will contain sialk: add 
having both a 2.3 and a 2,6 linkages to gal«;tose. See Lee et al. J. Bk>l. Chem. 13848 (1989), hereby 
Incorporated by reference, fbr a disctosure of technk^ues for creating mocfified CHO cells or other 

20 mammalian host cells. 

Also comprehended by the invention are pharmaceutk:al compositions comprising a therapeutically 
effective amount of a spedfto i^rform or mixture of Isoforms together with a suitable diluent, adjuvant and/or 
carrier useful in erythropoietin therapy. Phanmaceutteal compositions comprising a therapeutically effect^e 
amount of an erythropoietin analog together with a suitable diluent, adjuvant and/or carrier are also 

2S encompassed. A "therapeutk^ally effective amount* as used herein refers to that amount which provides 
therapeutic effect for a given condition and administration regimen. The administration of isoforms of human 
erythropoietin or erythropoietin anabgs is preferably by parenteral routes. The specific route chosen will 
depend upon the condition being treated. The administration of isoforms of human erythropoietin or 
erythropoietin anatogs Is preferably done as part of a formulation containing a suitable canrier, such as 

30 human serum albumin, a suitable diluent, such as a buffered saHne solution, and/or a suitable adjuvant The 
required dosage will be In amounts suffident to raise ttie hematocrit of patients and will vary depending 
upon the severity of the condition being treated, the method of administration used and the like. 

The fbltowing examples are offered to more fully illustrate the invention, but are not to be construed as 
limiting the scope, thereof. The eryti^lropoietin standard used In the bi ^ btoassays emptoyed in the 

35 Examples is a recombinant erytiiropoietin standard that was starKlardized against a partially purified urinary 
eryttiropdetin standard. Thus, only relative in vivo spedfk: activities are being measured. Also the in vivo 
specific activities are expressed in "units/ml", "units/mg" and units/Aaao" and not as "lU/ml", *IU/mg" and 
lU/Azso" because the erytivopdetin standard emptoyed has not been directiy conrelated to any existing 
International standard. 

40 

Example 1: Isolation of Recombinant ErythropoleBn isoforms 

Recombinant erythropdetin Is produced as described in tin, supra. Recombinant eryttiropoietin used as 
starting material for the first and third Isofonm isolations Is purified according to the procedure described In 

45 Bcample 2 of commonly owned Lai et at, supra. Starting material for the second and fiftti isoform isolation 
Is purified according to Lai et al. supra using the modification of 0-Sepharose chromatography. These 
preparations contain a mixture of isofonmsi of recombinant erythropdetin having the same amino acid 
sequence as urinary derived human erythropdetin and contain predominantiy isoforms 9 to 14. Starting 
material for the fourtti Isoform preparation is tfie material whk:h elutes during the 5 rhM acetic add/1 mM 

60 glydne/6M urea wash of the anton exchange column in Example 2 of Lai et at This fraction contains 
Isoforms wittt less ttian or equal to 9 slaSc adds and was further purified by gel filtration chromatography as 
described In Example 2 of Lai et al. prior to use in the preparative isoelectric focusing procedure. The sixth 
isotorm preparation used as its starting material a purified preparation of recombinant erythropoietin having 
from 4 to 13 sialk: residues. This material was purified as per Example 2 of Lai et al. except for a 

55 modification to tfie ton exchange column (elution of tiie recombinant eryttiropoietin witti a sodium chloride 
grad^ at pH a4 and omission of the acetic addAirea wash) which results In retention of most of the 
isoforms present in fh9 starting material. 
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Six different preparations of indtviduaJ tsoforms are canied out by preparative tsoelectrfc focusing in a 
granulated gel bed (UHrodex, U(B) essentially as per LKB Application Note 19a Pliarmalyte (Phanmacia) 
2.5-5 ampholytes (Phannacia) are used and the gel bed contains 5 M urea 

In the first preparation, approximately ^ mg of recombinant erythropoietin in 6.8 ml of 20 mM sodium 

5 citrate/ 100 mM sodium chloride. pH 7.0 are applied to the gel and focused at 8 watts for approximately 16 
hours. After isoelectric focusing, the isoform bands in the gel are visualized by a paper contact print of the 
gel bed. The print is made and then fixed by soaking in 3 changes (approximately 10 minutes each, room 
temperature) of fixing solution (40% m6thanolA10% acetic acid^O% TCA/3.5% sulfosaHcylic acid), subjected 
to one change (approximately 10 minutes) of 40% methanol/10% acetic acid (30^ *C). stained for 15 

10 minutes at eO*C in 0.125% Coomassie Blue R-250/40% methanol^O% acetic add. and then destalned in 
7.5% methanol/10% acetic add in order to visualize the separated isoforms. The region of the granulated 
gel bed containing the isoforms (-50% of the resin) is removed, water is added (-16 ml), and the slunry is 
poured into a 5.5 x 24.5 inch tray and evaporated to -40 g net weight This preparation is focused for a 
second time and a contact print of the gel bed is made as before. The portion of gel containing each of the 

IS six discanrttble isoforms is removed from the gel bed. 

In order to etute the isoforms from the gel. a solution containing 10 mM Tris-HCI, pH 7.0/ 5 mM Chaps 
is added to each isoform to generate a slurry. The slunies are placed in smaA columns and washed with the 
Tris-Chaps buffer. The flow throughs are collected and applied separately to small columns (open column 
configuration) containing Vydac C4 reversed phase resin equifibrated in 20% ethanol/10 mM Tris-HCI. pH 

20 7.0. The columns are developed stepwise with 20% ethanol/10 mM Tris-HCI, pH 7.0, 35% ethanol/10 mM 
Tris-HCi. pH 7.0. and 65% ethanol/10 mM Tris-HCI. pH 7.0. The fraction eluting at 65% ethanol/10 mM Tris 
is diluted 1:1 with 10 mM Tris-HCI. pH 7.0 and sut)iected to concentration and then buffer exchanged to 10 
mM Tris-HCI, pH 7.0 using a Centricon-10 (Amicon) microconcentrator. Analytical isoelectric focusing of this 
preparation is performed essentially as described in LKB technical note 250 using Servalyte 3-5 ampholines 

25 (Serva) in a polyacryiamide gel containing 5 M urea. 

In a second preparation, approximately 26 mg of recombinant erythropoietin in 6.5 mi of deionized 
water are applied to the gel and focused at 2.5 watts for 35 minutes and 10 watts for approximatoly 17 
hours. The bands of focused protein, which are visible in the gel bed, are renK>ved as 11 different pools. 
Each pool is brought to about 7.5 rnl with deionized water and 20 ml of each of the resulting pool 

so supematants is subjected to analytical isoelectric focusing as descn'bed above. To each of the pools is 
added 5 ml of 1.5 M Tris-HCI, pH 8.8. and the shinies are each placed in small columns and the Rquid 
phase allowed to flow through. The resfo Is washed wHh approxfmatoly three volume of 0.5 M Tris-HCI. pH 
7 and the rinse solution is combined with the flow through. The eluants are concentrated and buffer 
exchanged to 20 mM sodium dtrate/ 100. mM sodium chloride. pH 7.0 using Amicon disposable ultrafil- 

35 tration devices having a 10,000 datton molecular weight cutoff. The concentrated solutions (approodmately 
0.5 ml) are then passed through a 0.22 micron oitoff cellulose acetate filter. Based upon analytical 
isoelectric focusing, five pools are found to contain predominantly the single isofonms 10. 11, 12, 13 and 14. 

In a th^d preparation, approximatBly 30 mg of recombinant ejTthropoietin in 21 .8 ml of disttiled water is 
appfied to the gel and focused at 2 watts for 25 minutes, 10 watts for 20 hours and 15 watts for 15 minutes. 

40 Protein bancte corresponding to the individual isoforms are observed visually and removed from the gel bed. 
Distilled water is added to geMsolated isoforms to generate a slurry and the reciting supematante are 
analyzed by analytical Isoelectric focusing. An equaF vohime of 1 M Tris-HCI. pH 7.2 is added to each 
stun7, the suspensions are placed into separate snnall columns, and the Squid phase is aitowed to flow 
through the column to elute the isoforms. Each flow through is concentrated arid buffer exchanged to 20 

45 mM sodium dtrate/ 100 mM sodium chloride. pH 7.0 using Amicon disposable ultrafiltration devices having 
a 10.000 dalton molecular weight cutoff. An analytical isoelectric focusing gel revealed that pools containing 
predominantly the single Isofonms 9.^10. 11. 12. 13 and 14 were obtained. 

A fourth isoform preparation used.as.ite starting niaterial erythropoietin containing isoforms 3-9 
(prepared as described above). Prior to preparative isoelectric.fbcusing carried out essentlaUy as descn'bed 

50 for preparations 1-3 above, the ampholytes (Pharmalyte 2.5-5) were pre-fractionated in a Rotofbr (Bio-Rad. 
Richmond. CA) liquid phase Isoelectric focusing cell to yield ^n ampholyte range more suitable for the lower 
isoelectric polnte of the starting material. The prefractionation was carried out by mixing 6.7 mL of 
Pharmalyte 2.5-5 with 15 g of urea and adding purified water to bring the volume to 50 mL This mixture 
was fractionated in the Rotofbr at 10 Watte. 1 *C. for 5 1/2 hours using 0.1 M phosphoric add and 0.1 M 

55 sodium hydroxide as the anolyte and catholyte. respedh^ly. The ampholyte fractions having measured pH^ 
of between 4.5 and approximately 6 were used in the flat-bed isoelectric focusing. 

Ampholytes were removed from the isofonns using a Centrieluter (Amicon, Danvers. MA) and a 10.000 
MW cutoff Centricon (Amicon) using the following parameters: 0.18 Tris buffer pH 8A 100 Volte. 25-30 mA, 
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for 3 hours. The isoforms were then buffer exchanged into 0.1 M sodium chloride by gel filtration using 
Sephadex G-25 (Pharmacia). Analytical isoelectric focusing of the five resulting pools showed them to 
contain isofonns and a isofbnn 4 ran as several bands, indicating that it may have undergone some 
degradation. 

s The fifth tsoform preparation was modified by the addition of a pre4ocusing step to the flat bed 
isoelectric focusing procedure. In this modification, the protein was not added to the ampholyteAirea/gel 
mixture prior to electrophoresis but was added to the isoelectric focusing apparatus following generafion of 
the pH gradient in the gel bed. Following prefbcusing for 75 minutes (1500 volt-hrs) the section of gel bed 
from 2.25-4^ cm from the cathode was removed, mixed with the erythropoietin solution, and added back 

to to the gel bed. Following isoelectric focusing, isoforms 10,11,12,13 and 14 were eluted from the gel bed 
and separated from the ampholytes by ultrafiltration using Centricon-10 (Amicon) devices. 

The pre-fbcusing modification was undertaken to make the uttravk>let absorbance characteristtcs of the 
isofbrm preparations more similar to tttat of ttie starting recombinant erytiiropoietin. This improvement in 
spectral characteristics can be seen in ttie ratio of absorbance at 280 and 260 nm for tiie isolated isoforms. 

75 The average ratio of absorbance at 280 nm to tiiat at 260 nm (Azso/Asso) for isoforms from preparations 2 
and 3 (non-prefocused) is 1.38 ± 0.11 while the average /^so/^^so ratio for preparations 5 and 6 (pre* 
focused) is 1.68 ± 0.20. When isofonm #14 is excluded from tiie caknjiation, the average y^8o/A26o ratios 
are 1.39 t 0.11 and 1.74 ± 0.09 for preparations 2 & 3 and 5 & 6, respectively. (Isoform 14 may have the 
most atypical spectrum because it Is present in tiie smallest amounts and is thus more subject to 

20 interferences by trace contamination by ampholyte components or because it is nearest to the electrode 
during tiie flat bed isoelectric focusing procedure). The average A28o/A2so ratio for recombinant erythropoi- 
etin prepared according to Example 2 of Lai et al. (modified as described eariier by using Q-Sepharose as 
tiie anion exchange resin) is 1.91 ± 0.04.^ 

As described above, ttie starting material for isoform preparation #6 was a recombinant erythropoietin 

25 preparation containing isoforms 4-13. The ampholytes were pre-focused in tiie Rotofor apparatus as per the 
fourti) preparation. Ampholyte fractions having measured pHs of between 3.7 and 4.8 were used for tiie flat 
bed isoelectric focusing. The flat bed was pre-fbcused as in run #5 and isofonns 9,10,11,12 and 13 were 
obtained after ultrafiltration (Centricon-10) to remove canrier ampholytes. 

30 Bcample 2: SiaBc Ackl Content of Recombinant ErythropoieBn Isoforms 

The isofonms Isolated as described in Example 1 and eryttiropoietin purified according to procedures 
described in et al.. supra (mixture of isofonms 9 to 14) are buffer exchanged into 0.10-0.15 M sodium 
chtoride and analyzed for sialic acid content by a modrftoation of ttte procedure of Jourdlan et al. J. Bk)l. 

35 Chem. 246. 430 (1971). The sialic ackJ residues are cleaved from tiie glycoproteins by hydrolysis witfi 0.35 
M suffurlc ackt at 80 *C for 30 minutes and the solutions are neutraTized with sodiuni hydroxide prior to 
analysis. In order to estimate tiie amount of erythropoietin protein present a Bradford protein assay 
(Bradford AnaL Biochem. 72, 248 (1976)) using recombinant erythropoietin having ttie amino add sequence 
of human erytiiropoietin as standard Is perfonmed using the assay reagents and the mtercnnettiod 

40 procedure suppfied.by Bk>-Rad. The results, expressed as moles of siafic adds per mole of eryttvopoletin. 
are shown in Table 1. Isofbrms are designated according to tite number of sialic acids per molecule and. 
range from least acktic (Isoform 9) to most addle (Isofonn 13). Isofonms 9-13 are shown in gel lanes 6-10 of 
Rgure 1. Quantities of Isofonn 14 are insuffident to accurately measure the sialic add content The sialic 
acid cont^ of ttiis isoform is infenred from its migration on lEF gels relative to ottier Isofonns. The sialic 

45 add content of isofonns 5-8 (preparation #4) has not been measured but is tikewlse infisnred from tfietr 
migration on lEF gels. 

TABLE 1 



so 



ERYTHROPOIEnN ISOFORM 


MOLES SIAUG ACID/MOLE ERYTHROPOIETIN 


Isofbrm 13 


12.910.5 


Isofbnn 12 


11.8 ±0.2 


Isofonm 11 


11.0 ±0.2 


Isofbrm 10 


9.8 ±0.3 


Isoform 9 


8.9 1 0.6 


Isofbrm Mixture (9-14) . 


11,3 ±0.2 
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Example 3: Actjvfty of Recombinant Erythrppoiefin teoforms 

The isofonms Isolated as descnbed In Example 1 are assayed by absorbance at 280 nm, by Bradford 
protein assay and by RIA for erytfiropoiefin to determine fte amount of recombinant erythropoietin present 
The exhypoxic polycythemic mouse bioassay (Cotes et at. Nature 191. 1065 (1861)) is used to determirie 
the retathfo nn vivo biologicai acthrity. Quantitation of the anoount of erythropoiefin protein present using a 
radioimmunoassay for erythropoietin produced results having higher retetive In vivo specific acthnly for 
certain isoforms because of an apparent decreased tmmuru}reactlvlty of isofbrms containing large amounts 
of siaRc add leading to an underestimation of the erythropoietin concentration and thus an overestimation of 
the relative in vivo spedftc activity for the most negative Isoforms. Mouse l)ioassay determinations, 
expressed as units/h)l. are divided by the corresponding protein concentrations to gwe in vto speclfk: 
acthntles expressed as units/lmg erythropoietin polypeptide. These specific activities are shown In Table 2. 

In Table 2, "n" is ttie number of independent isoform preparations vyhich contribute to ttie specific 
activity value. In most cases several In vivo assays were performed on each isoform preparation. The same 
in vivo data contribute to tim spedftc activity calculations for all three columns, unlts/img erythropoietin 
polypeptide was determined by the absorbance at 280 nm, from radioimmunoassay potencies, or from 
Bradford protein assay results. Purified recombinant erythropdetin containing isofonms 9-14 was used as 
the standard In tiie Bradford protdn assay, "n" may be less for tire calculation made using ttie Bradford 
protein assay as some preparations were no longer available at tiie time the Bradford assays were 
performed. 

Erytiiropoietin purified according to tfie procedures described in Lai et ai., supra and containing h 
mixture of isofonns 9 to 14 Is used as a standard for the RtAs and In vivo assays. 

The relative spedfic activities expressed as units/ifng erythropoietin polypeptide can be converted to 
units/A28o by multiplying by 0.807 mg erythropoietin polypeptide/Azso. The conversion factor is derived by 
multiplying the extinction coeffident of eryttiropdetin (1.345 mg/A28o) by tiie protein content of the 
eryttiropoietin glycoprotein (about 60% by weight, Davis et al. Biochemistry 26. 2633 (1987)) to obtain mg 
erytttropoietin polypeptide/A28o (i.e., 1.345 mg erythropoietin/^so x 0.60 mg polypeptide/mg eryttiropoietin 
= 0.807 mg polypeptide/Aeso). In addition, spedfic activities expressed as units/mg erythropoietin polypep- 
tide can be multiplted by the factor 0.60 mg polypeptide/img erythrppoietin glycoprotein to give specific 
activities expressed as units/lnng erythropoietin glycoprotein. 
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The dala in Table 2 are also presented graphically in Rgures 2A, 2B and 2C. These data show thai the 
55 relative in vivo activity of erythropoietin increases as a function of sialic acid content up until isoform #11. 
Isofbrms 11-14 have essentially the same relative in vivo bioactivity. (This is most apparent when the 
concentration of isofonn 14 is expressed using the Bradford assay value. The Bradford value may be more 
accurate for isoform 14 because of the generally low levels obtained and the resulting difficulty in 
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determination by ^ao and the most apparent decreased reactivity in the RIA of very negative forms 
discussed previously). The greater relative In wo specific activity of erythropoteb'n isofbrms having more 
sialic acid is most Hkely due to a longer circulating half-Tife of these forms. Isofonns 9 and 13 were lat)eled 
with racfioacth^ iodine 0^1) and their rate of dearance in rats was detennlned. The half-iife in circulation 
5 wassignificantfy longer for isofonrn 13 than fbrisofbrm 9. 

Bcample 4: Selection of Recomt)tnant Erythropoietin Isofonfn Mixtures by O-Sepharose Chromatography 

Ceil conditioned media from the production of recombinant erythropoietin according to the procedures 
70 descn*bed in Lin, supra are concentrated and diafiltered against 10 mM Tris, pH 72. Protein concentration is 
determined by the Bradford microprotein assay using bovine serum albumin as a standard. 19.6 mi of the 
solution containing 40 mg of total protein is made 20 uM In CuSQi, filtered through a 0.45 micron cutoff 
filter and loaded onto a 4 ml bed volume (1.05 cm height x 2.2 cm diameter) column packed with Q 
Sepharose Fast Row (Phannada) which has been equilibrated with 10 mM Tris. pH 6.8 to 7.0 at 4»C. After 
75 sample application, the column is washed with two column volumes of the same buffer. The column flow 
rate is about 1 ml/imin. Six separate columns are set up using this procedure to select defined erythropoi- 
etin isoform mixhires. 

Columns are washed with 6 to 9 column volumes of a kiw pH buffer consisting of: Column #1, 150 mM 
acetic acid. 1 mM glycine. 20 uM CuSO«» 6 M urea adjusted to pH 4.7 with NaOH; Column #2. 200 mM 

20 acetic add, 1 mM glycine, 20 uM CUSO4. 6 M urea adjusted to pH 4.7 with NaOH; Column #3, 250 mM 
acetic add. 1 mM glydne. 20 uM CUSO4. 6 M urea adjusted to pH 4.7 with NaOH; Column #4. 300 mM 
acetic add. 1 mM glydne. 20 uM CUSO4. 6 M urea adjusted to pH 4.7 with NaOH; Column #5. 150 mM 
acetic add. 1 mM glydne. 20 uM CuSOi. 6 M urea; Column #6. 300 mM acetic acid. 1 mM glycine. 20 uM 
CUSO4. 6 M urea. The pH of the columns is increased to approximately pH 7 by washing each one with 8 

25 to 11 column volumes of 10 mM Tris-HCl. 55 mM NaCI, 20 uM CUSO4. pH 7. The defined erythropoietin 
isofonn mixtures are eluted from the cdumns by washing with 10 mM Tris-HCl. 140 mM NaCI, 20 uM 
CUSO4. pH 7.0. 

The eluted isofomn pools from each column are concentrated and solvent exchanged into water using 
an Amteon Centricon-10 mteroconcenlrator. The results of analytteal Isoelectric focusing of these con- 
so centrated pools are shown in Rgure 3. Gel lanes 1-6 represent defined erythropoietin isofonn mixtures 
eluted from column 1-8. respectively. The "isoform mixture" shown in the far "right gel lane of Rgure 3 
represents cell media which is appPied to a Q-Sepharose column as described above, the column is washed 
with 5 mM acetic add, 1 mM glydne, 20 uM CuSOi, 6M urea, and the erythropoietin isdorm mixture is 
eluted from the column using the procedures described above. This eluted mixture of isoforms Is further 
35 purified according to the procedures described in tjl et al., supra prior to analytfcal isoelectrte focusing. 

Example 5: Fractionation of Recombinant Erythropoietin tsolbnns Using a Low pH Gradient on 0-Sepharose 

In another procedure, erythropoietin isoforms are separ^ded .using a gradient of decreasing pH and 

40 increasing Ionic strength. The concentrated diafiltered erythropoietin containing media is k)aded to a column 
of Q-Sepharose at a ratio of approximately 40 mg total protein/mL gel. The column is then washed with 
approximately two column volumes of 10 mM Tris HCI. pH 7.0 and then approximately 10 column volumes 
of 2 mM acetk: acid/1 mM glydne/20 uM CUSO4/8 M urea (pH approxinoately 4.8) to remove contaminating 
proteins and erythropoietin Isofdnns containing less than approximately 7 sialic add residues, isofbnms 

4S containing from approximately 8 to approximately 12 sialic adds are eluted from the column using a 
gradient starting at approximately 2 mM acetic add in 6 M urea/1 mM glydne/20 uM CUSO4 and running to 
40 mM acetic add/6 M urea/1 mM glydne/20 uM CUSO4 (pH approximately 4). lha total volunrte of the 
gradient is approximately 40 column volumes and fractions of approximately one column volume each are 
collected into vessels containing a volume of Tris buffer suffident to bring the pH into the range of 8-a5 so 

60 as Id avdd long term exposure of the collected fractions to low pH. Allquots of the fractions are sutjected 
to analytical Isoelectric focusing to monitor the separation. Rgure 4 shows the separation of Isoforms 8-11 
which may be achieved by this procedure. Isofbnms 12-14 which remain bound to the column at the end oif 
the gradient are eluted by washing with a buffer consisting of 10 mM TrisHCI. 140 mM NaCI, 20 mM 
CUSO4 (pH 7.0). The isofonms (separated during the gradient or eluted by the sodium chloride solution) are 

55 freed of contaminating proteins by reverse phase chromatography followed by gel filtration chromatography 
as described in Example 2 of Lai et al. 



13 



EP 0640 619 A1 



Example 6: Construction of Human Erythropoietin Analogs 

The locations of existing cart)ohydrate attachment sites within the human erythropoietin amino acid 
sequence are shown in Figure 5 (SEQ ID. NO: 26). Procedures for generating additional gtycosylation sites 

5 for erythropoietin are summarized in Figures 6A-C and described below. 

The following oligonucleotide primers were synthesized for use in in vHro mutagenesis: 
[AsA». Sefi] EPO: 5' CGCCCACCAAACCTCAGCT6TGACAQCCGA 3> (SEQ ID NO: 1) 
[Asri^. Ser^T epq: 5' ATCTGTACAACCGAAGCCT6GAGAG6T 3' (SEQ ID. NO: ^ 
[Asn^^l EPa 5' GGGCCTG6CCAACCTGT(X3GAAG 3*(SEQ ID. NO: 3) 

10 [Asn^^] EPO: y TCCXCTCCAGATAATGCCTCAGCTGC 3* (SEQ ID. NO: 4) 
IAsn'». Ser'2?l EPO: 5' CAGATGOGAACTCATCTGCTCCAC 3' (SEQ ID. NO: 5) 
[Asn'». Ser'^^] EPa 5* AGGCCrTGC^GQAATGGGAGCAGATGACCAGGTG 3' (SEQ ID. NO: 6) 
rrhri25l EPO: 5' TCOAGATGCGACCTCAGCTGCTC 3* (SEQ ID. NO: 7) 
[Pro^», Thr^25] epQ: 5* CGTCCAGATCCGACCTCAGCTGC 3' (SEQ ID. NO: 8) 

15 The underlined codons show the mismatched regions where the amino adds indicated in brackets 
replace the wild-type amino adds. 

[Asnl*. Ser*] EPO was constructed to add an N-glycosylation site at Asn 4. [Asn?, Ser"I EPO was 
constnjcted to add an N-glycosylation site at Asn 9. [Asn^^] EPO was constructed to add an N- 
glycosytation site al Asn 69. [Asn^^, Ser^^] EPO was constructed to add an N-glycosylation site at Asn 

20 125. [Thr'^l EPO and [Pro^^*^ Thr^S] EPO were constructed to add af> 0-glycosyiation site at Thr 125. 
The following origonucleotide primers were synthesized for use in in vitro mutagenesis: 
[Asn". Thr'^] EPO: 5* GGGCCTGGCCAACCTGACAGAAQCTGTC 3' (SEQ ID. NO: 9) 
ISef««, Asn^s. Thi^'J EPO: 5* CAGGGCCT GTCCAACC TGACAGAAGCTGTC 3' (SEQ ID. NO: 10) 
[Asn'». Thr'^I H'0: 5' CAGATGCGAACTCAACGGCTCCAC 3' (SEQ ID. NO: 11) 

25 [Asn^^, Thr^, Thr^^ij epQ: 5'ATGCGAACTCAACGGCTCCACTCACAACAATCACT 3' (SEQ ID. NO: 12) 
[Pro^», Asn^25. Ser^27] epO: 5' CCAGA TCGAAATT CATGTGCTCCACTG 3' (SEQ ID. NO: 13) 
[Pro'2*^ Aspis^ Thr'27] epQ: 5" CCAGA TCCAAATT CAAGAGCTCCACTC 3* (SEQ ID. NO: 14) 
[Thr'25, Thr^26j gpQ. y cGA6ATGC( 3A0AACAG GTGCTCCA 3' (SEQ ID. NO: 15) 
[Pro'» Thr'». T!ir'». Thr«^l EPa 

30 Starting from [Pro^^*^ Thr^^] EPO cDNA, the oligonucleotide primer 5* 
AGATCCGACGACCGCTGGTGCAC 3' (SEQ ID. NO: 16) Is used to generate [Pro^^.Thr^^s, Thr^»l EPO. 
The oRgonudeotide primer. 5TGCTCCACTGACAAGAATCACTQ 3' (SEQ ID. Na 17) Is then used to 
generate [Pro^», Thr^^s, Thr^*, TTv^^^] EPO. 

lAsnF^ Ttw'*] EPO and [Sef^". AsnF^ Thr'^] EPO are constructed to add an N-glycosylalion site at Asn 

35 69 and to enhance Ntilycosylatipn at that site. [Asn^^s, Ihr^^] EPO. [Asn^^s, Jhr^^, Thr^^ij epq, [Pro^», 
Asn^, Ser^27j epo and [Pro^^^^ Asn'zs^ JUr^^] EPO are constructed to add an N^lycosylatlon site at Asn 
125 and to increase glycosylation at that site. Uhf^^, Thr^»l EPO and [W^, W^, "mr^», Ser^sij £po 
are constnicted to add an (^glycosylation site at Itir 125 and to Increase glycosylation at that site. 
. The source of erythropdetin DNA for in vfbo mutagenesis was plasmid Hu13, a human erythropoietin 

40 cDNA done in pUG 9 (Law et aL Proc NatL Acad. Sd. 6920 (1986)). Plasmid DNA derived from Hu13 
was <figested with BstEII and Bgfll restriction erizymes, the resulting Dl^ fragments were subjected to 
agarose gel electrophoresis, and the 810 base pair (bp) erythropdetin DNA fragment was isolated fmm the 
gel using a GeneGlean^ kit and procedures suppRed by the manufacturer (BIO 101, Inc.). Plasmid 
pBRgHuEPO contains the erythropoietin genomic gene as a BamHI fragment inserted into a derivath« of 

45 pBR322, as described In commonly owned Un patent, supra . pBRgHuEPO was also digested with BstBI 
and Bgill and the 6517 bp vector fragment was recovered. Ligation of the two fragmenteresulte In IGT1. To 
construct pEG-1. pDSVl (descn*bed in commonly owned Lin patent, supra , and shown In Figure 5B) was 
digested with BamHI and the isolated 2.8 kilobase (kb) Baml^i fragment from IGT1 containing erythropdetin 
cDNA was Kgated into it 

50 In order to generate single-stranded DNA for in vibro mutegenesis, pEG-1 was digested with BamHI and 
Bglll and the 820 bp erythropdetin cDNA fragment was isdated. It was ligated into the BamHI site of 
m13mp18 to give m13-EC-1. Single stranded DNA was recovered from supematante of E. odi strain 
RZ1032 infected by m13-EG-1 as described by Kunkd et al. Methods in Enzymol. 154, 367 (1987) and 
Messing. Methods in EnzymoL 101 , 20 (1983). For in yitiro mutagenesis approximately 1 ug of single- 

55 stranded DNA and 02 pmole d one of the synthetic primers described above were mixed with 6 ul of 
buffer (250 mM Tris pH 7.8, 50 mM MgGk. and 50 mM dithtothrdtd). For annealing of the primer to the 
template, the reaction vdume was adjusted to 10 til with water, the mixture was heated to 65* G for 5 
minutes and then allowed to cool to room temperature. For the elongation reaction 2.5 ul of each of dTTP, 
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dATP, dGTP, dCTP and ATP (all at 10 uM) were added, fbitowed by 1 m (1 unit) of E. roll DNA 
polymerase (Klenow fragnient) and 1 ul (1. unit) of T4 DNA Hgase. The mbdure was then tncubated 
overnight at 14*C and used to transform E. JM 109 (Yanisch-Perron et al. Gene ^ 103 <1985)) as 
descnl)ed (Messing, supra ). 

. 5 To identify mutant ctones by differential hytmdization, plaques on nutrient agar were transfenred to 
Q&ne Screen filters (New England Nuclear). The filters were dried under a heat lamp and then Incubated for 
one hour In 6x SSC containing 1% SDS at 60*C . For the hybridization, the oligonucteolide primer above (8 
pmoles) was end-iabeM with T4 polynucleotide kinase and y ^-labeled ATP and incubated with the filters 
overnight in 6x SSC, 0.5% SDS and 100 mg/ml salmon spemn DNA at 37* C for the [Asn^^] mutation, 

10 55*C for the [Asn*. Ser«] mutation. 65*C for the [Thr'^sj and the [Pro^**^ Thr^asj mutations, and 70*C for 
the [Asn^, Ser"] and [Asn^^^, Ser^^^] mutations. The next day, the filters were washed three times with Gx 
SSC at room temperature and subjected to autoradiography. If necessary, the filters were then washed with 
6x SSC at increasing temperatures until little or no hybridization was detected to plaques having the wild- 
type erythropoietin cDNA sequence. Clones that gave positive hybridization signals under these conditions 

15 were identified and retransfected into JM109 to isolate a pure clone. Dideoxy chain termination sequence 
analysis indicated that the mutations to asparagine, serine threonine and proline residues were present 

Double stranded m13 E01 DNAs canying the [Asn*. Sefil [Asr^. Ser"J , [Asri^'l. [Asn^»J. [Asn^=], 
[Ser'Z'l , IAsn«3 Ser^M iThr^a], and [Pro^», Thr^^l changes were recovered from JM109 transfected 
cells by the boiling method (Holmes et al Anal. Blochem m, 193 (1981)). The DNAs were digested with 

20 BstEII and Xholl and the 810 bp erythropoietin DNA fragments were isolated. pEC-1 was digested with 
BstEll followed by a partial digestion with Bglll and the 5' tenmini of the resulting fragments are 
dephosphorylated with bacterial alkaline phosphatase In 10 mM Tris. pH 8 at 60* C for 60 minutes. The 7 
kb vector fragment lacking the 810 bp BstEII-Bgtll fragment was isolated and figated to the erythropoietin 
fragments above. The resulting plasmids (designated pEC-X where X is the anak)g number) contain DNA 

25 encoding erythropoietin analogs having altered amino acid residues at the indicated positions. 

Alternatively, an analog of erytttropoietin (pEC34) was constructed by in v|ti;o mutagenesis tiiat deleted 
amino add residues 41-55. This resulted in a smaller (775 bp) EPO containing BstEll-Bglil fragment. The 
fragment was inserted into pECI as described above. For cloning analogs of erythropoietin, pEC34 was 
digested with BstEII. partially d^iested wHh Bglll, dephosphorylated and the vector isolated as described 

30 above. The 7kb vector fragment was then Pigated to erythropoietin fragments as described above. Cloning 
Witt) pEC34 allows easy dis^mination between recombinants and simple recfosures. Redosures result in a 
smaller BstEIKBglll fragment than analogs and these can be ea^Ty differentiated on agarose gels. 

These general procedures were used to construct the erythropoietin anafogs shown In Tables 3, 4 and 
5. The DNA sequence changes for each of the anafogs are shown; otherwise the oligonucleotide primers 

S5 used for mutagenesis had sequences compDrnentary to those of hurnan erythropoi^ 



40 
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TABLE 3 

ERYTHROPOIETIN ANALOGS HAVING SITES 
FOR N-LINKED CARBOHYDRATE CHAINS 



Analog No, 



Amino Acid 
Substitution 



Sequence 
Chancyes 



Nl 

N2 

N3 

N4 

N5 
N6 

N7 
N8 

N9 

NIC 
Nil 

N12 

N13 

N14 

N15 



Asn^Ser^ 
Asn^Serii 
Asnl»Tlir2l 

Asn30Thr32 

Asn42 
Ser42Asn43Thr45 



Ser4» 
Asn5iThr53 

Asn57Thr59 

Asn69 
AsnMThr^i 

SerCBAsne^Thr*'! 

AsnBflThrSO 
Ser^TAsn^^Thr^o 

SerB7Asn88Thr90Thr92 



CGC-^AAC 
ATC-^AGC 
AGC->AAC 
GTC->AGC 
GCC^AAC 
GAG->ACG 
GCT->AAT 
CAC--*ACG 
CCA->AAT 
CCA->TCA 
GAC-»AAC 
AAA->ACA 
TAT->TCT 
TGG->AAT 
AGG->ACG 
GGG->AAC 
CA&->AC6 
CTG->AAC 
CTG-4AAC 
TCG-4ACA 

Nil plus 
GCC-*TCC 
TGG->AAT 
CCC->ACC 

N13 plus 
CCG-^TCG 

N14 plus 
CAG->AC6 
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TABLE 3 (CONT'D) 
ERYTHROPOIETIN ANALOGS HAVING SITES 
FOR N-LINKED CARBOHYDRATE CHAINS 



Analog 
No. 



Amino Acid 
Substitution 



Sequence 
Changes 



N16 
N17 
N18 

N19 



N20 

N21 
N22 
N23 
N24 

N25 
N26 

N27 
N28 



Ser87Asn88Thr90Aiai62 
Asn68Ser90 
Val«7Asn88Thr90 

Ser87Asn88Gly89Thr90 



Asn89iie90Thr5i 

Ser87Asn83lle90Thr9i 
Asnii3Thrii5 
Asnll8vali2l 
Asni2lseri22Thri23 

Asni24 
Seri22Asni24 

Asni25seri27 

Asni25Thri27 



N14 plus 
AGG-K3CG 

TGG-4AAT 
CCC-fTCC 
CCG-*GTG 
TGG-^AAT 
CCC->ACC 
CCG-^TCG 
TGG->AAT 
GAG-»GGG 
CCC->ACC 
GAG->AAC 
CCC-4ATC 
CTG-*ACG 

N20 plus 
CCG"*TCG 
GGA-»AAC 
CAG-^ACG 
GCC-4AAC 
CCT-->GTT 
CCT-»AAT 
Cqi->TCA 
GAT-»ACT 
GCG->AAT 
CCA-^TCA 
GCG->AAC 
GCC->AAC 
GCT-^TCT 
GCC->AAC 
GCT-4ACG 
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TABLE 3 (CONT'D) 
&RYTHROPOIBTIN ANALOGS HAVING SITES 
FOR N-LINKED CARBOHYDRATE CHAINS 



Analog 
No, 



Amino Acid 
Substitution 



Sequence 
Changes 



N29 



N30 



N31 



N32 



Leui2iSeri22Asni25Thri27 



Thrl20GlyX22Leul23Asnl25Thrl27 



Asni26seri28 



Asnl26Thri28vali29 



N33 Leui2iseri22Asni26Thri28vali29 



N34 Thri2iGlyl23serl25Asni26Thri28vall29 



N35 

N36 
N37 

N38 
N39 

N40 

N41 



Serl2?Asnl30 

Asni32 
Asnl34Thrl36 

Asni35 
Asni36Thri38 

Asnl37Thrl39 

Asni38Thrl40 



N28 plus 
CCT->CTT 
CCA-^TCA 
N28 plus 
TCC-*ACC 
CGC->GGG 

gat-k:tc 

TCA-»AAT 
GCT-»TCT 
TCA-^AAT 
GCT-^ACT 
CCA-^TA 
N32 plus 

cct-k:tt 

CCA->TCA 
N32 plus 
CCTHACG 
GAT^GGG 
GCC->TCC 
CCA->AGC 
CTC-)AAC 
ACA-4AAC 
ACTHAAT 
GAC->ACC 
GCT-4AAT 
6AC-4AAC 
TTC->ACC 
ACT-r^AAT 

cgc-»acc 

TTC-*AAC 
AAA-HACA 
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TABLE 3 (CONT'D) 
ERYTHROPOIETIN ANALOGS HAVING SITES 
FOR N-LINKED CARBOHYDRATE CHAINS 



Analog Amino Acid Sequence 
No> Substitution Changes 

N42 Asnl44 GTC->AAC 

N43 Serl43Thrl49Vall5d TTC-^TCC 

CTC->ACC 

CGG-4GTG 

N44 Glyl48Thrl49 TTC-4GGC 

CTC-4ACC 

N45 Asnl55 CTG-^AAT 

N46 Asnl«3 Series ACA-->AAT 

N47 Asn30Thr32val87AsnB8Thr50 n4 and N18 

N48 Asn69Thr7iSer87Asn88Thr90 Nil and N14 
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TABLE 4 

ERYTHROPOIETIN ANALOGS HAVING SITES 
FOR 0-LINKED CARBOHYDRATE CHAINS 





Amino Acid 

ouus L 1 uUu ion 


Sequence 
Chancre 








no 


sec 
















uo 


per*" 
















V/O 










OCT— >TCT 


01 0 




TGC-*TCA 


Oil 


Ser37 


GAG^TCG 


012 


Ser49 


TAT->TCT 


013 


Ser^^ 


GTA-»TCA 


014 


Ser63 


GTC-^TCC 


015 




CTG— >TCG 


016 




GCC->TCC 


017 


Ser"'^ 


CTG— >TCG 


V/X w 




GCT— ♦TCT 


019 


Ser74 


GTC-^TCT 


O20 


Ser75 


CTG-^TCG 


021 


Ser79 


GCC->TCC 


022 


SerBl 


TTG-4TCG 


023. 


. Ser86 


CAG->TCG 


024 


Ser87 


CCG-^TCG 


025 


Ser53 


CTG->TCG 


026 




GCC-->TCC 


027 


Ser95 


GTC-4TCC 


028 


Seri02 


CTT-»TCT 


025 


Seri03 


CGC->AGT 
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TABLE 4 (CONT'D) 
ERYTHROPOIETIN ANALOGS HAVING SITES 
FOR O-LINKED CARBOHYDRATE CHAINS 



AnaloQ No. 


Antlno Acid 
Substitution 


Chancre 


O30 


Serios 


CTC->AGC 


031 


Seri09 


CTT->TCT 


032 


Seriu 


GCT->TCT 


033 


Serii2 


CTG->TCG 


034 


Seril4 


GCC-4TCC 


035 


Seri28 


GCT-*TCT 


036 


Seri59 


TCG-»GAG 


037 


Serin 


TGC->TCC 


038 


Proi25serl27 


GCC^CC 






GCT-^TCT 


039 


Thr62 


GAA-^ACA 


O40 


Thr64 


TGG->ACG 


041 


ThrCS 


CAG-fACG 


042 


Thr88 


TGG-»ACG 


043 


ThrSO 


CCC-^ACC 


044 


Thr92 


CAG->ACG 


045 


ThrlOO 


AGT->ACT 


046 


ThrllO 


CGG->ACG 


047 


ThriiS 


CAG-^ACG 


048 


Thrl23 


GAT-4ACT 


049 


Thrl24 


GCG-4AC6 


050 


Thri25 


GCC-^ACC 


051 


Thri25seri27 


GCC->ACC 






GCT->TCT 


. 052 


Thrl2SThrl26 


GCC->ACA 






TCA-^ACA 


053 


Thrl26 


TCA-4ACC 


054 


Thrl27 


GCT-4ACT 


055 


Thri30 


CTC-4ACX: 
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TABLE 4 (CONT'D) 
ERYTHROPOIETIN ANALOGS HAVING SITES 
FOR 0-LINKED CARBOHYDRATE CHAINS 





Amino Acid 


Sequence 


AnalOQ No. 


Substitution 


Chanae 


sJOO 


Thrl31 


CGA-^ACA 


057 


Thrl36 


GAC->ACC 


058 


Thri40 


AAA->ACA 




D T-rNl24Th'rl25 
iTiU**' mi**'' 


GCG->CCG 






GCC->ACC 


060 


Prol24Thrl25Thrl26 


059 plus 






TCA-^ACC 


. 061 


Prol24Thrl25Thrl26Thrl3i . 


060 plus 






CGA-4ACA 


062 


HOG C-terminal extension 






TABLES 




ERYHROPOIETIN ANALOGS HAVING SITES FOR N- AND O^INKED CARBOHYDRATE CHAINS 


Analog No. 


Amino Acid Substitiition 


Sequence Change 




Ser»'Asrf8Thr9» 


N14and0e2 


N01 


HCG C-terminal extension 






Asn^ThrazVaP'Asrf^'Thi^o 


N47and062 


N02 


HCG Gtenninal extentsion 





Plasmids designated pDEC-X (where X Is the analog number) were constructed by inserting erythropoietin 
cDNA Into pDECA, which Is a derivative of plasmtd pDSot2. The expression vector pDSa2 is generally 
described in PCT Application No. WO 90/14363. pDEOA was derived from pDSa2 by the following steps: 

(1) The HIndlll site of pDSa2 was deleted by digesting pDSa2 DNA with HIndlll, treating the Hindlll 
cohesive ends with E coB DNA Polymerase (Klenow fragment) and dNTPs. and reKgating the blunt- 
ended vector. The resulting plasmid was pDSa2AH. 

(2) pDSqt2AH was digested with Sail and a synthetic oligonucleotide having an SV40 splice signal with a 
Salt nnker attached to the 3' end of the ^llce signal was ligated to it The synthetic oRgonucteoftide had 
the following sequence (SEQ ID. NO: 18): 
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5» TCGAGGAACTGAAAAACCAGAAAGTTAACTGGTAAGTTTAGT 



CTTTTTGTCTmATTTO^GGTCCCGGATCCGGTGGTGGTGCMAT^ 



AAGAACTGCTCCTCAGTGGATGTTGCCTTTACTTCTAGGCCTGTACGG 



AAGTGTTACTTCTGCTCTAAAAGCTGCTGCAACAAGCTGGTCGACC 3' 
The resulting plasmid was pDSa2AH spOce. 

3) pDSa2AH spTice digested with Sail and blunt-ended by treating the cohesive ends with T4 DMA 
polymerase and dNTPs. An 820 bp. BamHI-Bgltl human erythropoietin cDNA fragment was blunt-ended 
by the same method and Hgated to the plasmid. The resulting plasmid was pDEC-1. 

4) pDEC was digested with Kpnt and Pvull and blunt-ended by treating the coheshre ends with mung 
bean nuclease. The plasmid was religated to delete the excised KpnhPvuil fragment resulting in the 
plasmid pDECA. 

pDEC-X plasmlds were made from pDEGA by complete digestion with BstEll followed by a partial 
digestion with Bglll. The vector fragment lacking erythropoietin coding sequences was isolated and ligated 
to the 810 bp BstEIKBglll fragments cont^ntng the desired plasmid. 

Details of the construction of some analogs having multiple amino acid changes are descnl)ed below. 

Construction of pDEC(N47) and pDEC(N48) 

pDEC(N47) which contains asn30 thr32 valfl7 asn68 and thrOO mutations was constructed from pDEG- 
(N18) and pDEG(N4). pDEC(Niq was digested with Hindll and Bglll and a 445 bp fragment was isolated. 
pDEC(N4) was digested wfth BstEll and Hindlll and a 377 bp fragment was isolated. These two fragments 
were Rgated into pDECA cut with BstEll and Bglll as described above resulting in pDEC(N47). 

pDEC(f«M8) which contains asn09 thr71 ser87 asn88 and thr90 mutations was constructed from pDEG- 
(N14) and pDEC(N11). pDEC(N14) was digested with Hindll and Bglll and a 445 bp fragment was isolated. 
pDEC(N11) was digested with BstEll and mm and a 377 bp fragment was isolated. These two fragments 
were ligated into pDECA cut with BstBI and BglR as described above resulting in pDEG(N48). 

Consfruction of pDEC(062) (HOG-Erythropoietin Fusion) 

ppEC(0e2) was assembled from pECI and a 107 base pair Stul-Bglll synthetic DNA Onker containing 
the cartKxxy terminal 28 amino acids from human chorionic gonadotropin (Ser-ser-ser-ser-lys-ala-pro-pro- 
pro-ser-leu-pro-ser-pro-ser-arg^eu-pro-gly-pro-ser-asp^thri)roHle-le^ (SEQ ID. NO: 25) (Pierce et al. 
Ann. Rev. Biochem. 465 (1981)). The sequence of the linker is as follows: 
5'CCTGTAGGACAGGGGACAGATCCTCTTCCTCAAAGGCCCCTCCCCCCAGCCTTC- 
3'GGAGATCCTGTCCCCTGTGTAGQAGAAGGAGTTTCCGGGGAGGQGGGTCQQAAQ- 
5'<^QTCGATCCCGACTCCCGQGGCCCTGGQACA0CCCQATC0TCCCAGAATQA (SEQ ID. Na 19) 
3'GTTCAG6TAGGGCT(aU\GGGCCGCGGGAGCCT6TGGGGCTAQGAG6GTGTTACTCTAQ (SEQ ID. NO: 
20) 

pECI was digested with Shil and Bglll and the 610bp DNA fragment was isolated. The synthetic linker 
was phosphorylated with ATP and polymicleotkie kinase and ligated with the pECI fragment into pDECA 
previously digested with BstBI and partisdiy digested with Bglll as described above. 

Construction of pDEC(N01) 

pDEC(NOl) was assembled from pDEG(062) (HCG-EPO) and pDEC(N14) (Ser^'Asri^'Thr^o). pDEC177 
was digested with StuI and Bgin and the 610bp DNA fragment containing the Ser^'AsnF^Thr^o mutattons 
was isolated with gene-dean. pDEC(062).was digested with StuI and Bglll and the 107 base pair fragment 
was isolated. These two DNA fragments were Rgated into pDECA previously digested with BstEll and 
partially digested with Bglll as descnlied above. 
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Construction of pDEC(N02) 

pDEC(N02) was assembled from pDEq062) (HCG-EPO) and pDEC(N47) {Asn»Thr»vaP'Asrf8Thr«0). 
pDEC(N47) was digested with StuI and Bgm and the 610bp DNA fragment containing the 
5 AstJp^Vvfi^dP^Asrfi^lhs^^ mutations was isolated with GeneClean™. pDEC(062) was digested with StuI 
and Bgill and the 107 base pair fragment was isolated. These two DHA fragments were ligated into pDECA 
previously digested with BslEII and partially digested with Bglll as described above. 

Construction of pDEC(N16) (SefgAsng ThfggAialg) 

to 

pDEC(N18) was assembled from pDECCNUKSer^^AsnB^Thr^^^) and pDEC258(Aia^^^. pDEC258 was 
constructed using procedures for in Wtaro mutageNnesis described above and changing the A6G codon to 
GOG at position 162. pbEC(N14) was digested with $tul and Bglll and the 610bp DNA fragment containing 
the Ser^^Asn^^Thf^o mutations was isolated with GeneCtean™ . pDEC258 was digested with StuI and Bgill 
T5 and a 210 base pair fragment was isolated. These two DNA fragments were ligated into pDKA previously 
digested with BstEII and partially cfigested with Bglll as described above. 

Constniction of pDEC(R1), (R2) and (R3) 

20 To remove glycosylation sites from pDEC(N14). m13-EPO(N14) containing ser87 asn88 and thrOO 

mutations was subjected to in vitro mutagenesis as described above using the following primers: 

S'GQAGGCCGAGCAGATCACGACGGS' GLN24 (SEQ ID. NO: 21) 

5*CTTGAATGAGCAGATCACTGTCC3' GLN38 (SEQ ID. NO: 22) 

yCTGTTGGTCCAGTCTTCCCAG3' GLN83 (SEQ ID. NO: 23) 
25 The resulting plasmids were designated pDEC(RI) (glri^* sei*' asn^s thr^o) pDEC(R2) (gln^a ser«^ asn^^ 

thr^o) and pDEC(R3) (gln^^ ^q^i \jnifi% m13EC-1 was also subjected to in vitro mutagenesis with the 

above oligonucleotide primers resulting in pECIO (gln^) and pEC8 (gln^). pEC9 (gln?^ was constructed 

using the primer 

yCCTQTTGGTCCAGTCTTCCCAGCa' GLN83 (SEQ ID. NO: 24) 

30 cDNA clones of human erythropoietin and analogs corresponding to [Asn^, Ser^] EPO. [Asn^, Ser^^] 
EPO. [Asn^sj EPO. [Asn'»] EPO, [Asn^=, "Ser'^^j EPO, [Asni«3, Ser»«] EPO, [Thr^^l EPO and [Pro^». 
jhriz] EPO and cDNA clones of analogs described in Tables 3,4 and 5. were transferred into OOS-1 cells 
(ATCO No. CRL-t650) by electroporation. COS-1 cells were harvested from semi*confluent dishes, washed 
with medium (Dulbecco's modifM essential mecBum containing 5% f^ calf serum and 1% L- 

35 glutamlne/peniciilin/streptomycin (Irvine Scientific)) and resuspended at 4 x 10^ cells/mi. One ml of cells 
was transferred to an electroporation cuvette (Bio-Rad) and electroporated with a Bio-Rad Oen& Pulser at 25 
uFarads and 1600 volts In the presence of 100 to 200 ug of carrier DNA and 2 to ^ ng of plasmid DNA 
encoding the erythropoietin analog. The electroporated cells were plated at 2 x 10^ cells per 60 mm tissue 
culture dish in 5 ml of mecfium. Two to four hours after plating the medium was replaced with 5 ml of fresh 

40 medium. The conditioned medium was collected 3 to 5 (toys after electroporalion. 

Bcample 7: Characterization of Erythropoietin Analogs 
A Detennrtlnatlon off Carbohydrate Addition 

45 

A volume of supernatant containing 5-20 units from COS cells transfected with erythropoietin analog 
cPNAs as descn'bed In Example 6 was Immunopreclpitated overnight at room temperature with a rabbit 
anii-erythropoietin polyclonal antibody. 20-60 ul of 1:1 Protein A-Sepharose In phosphate buffered saline 
(PBS) was added to the Immunopredpitate and allowed to incubate for one hour at room temperahire. The 

50 samples were centrlfuged, washed with PBS and, where indicated, the pellet was treated with N-glycanase 
to remove N-finked cart)ohydrate chains. The samples were analyzed by 15% SDS-polyacrylamtde gel 
electrophoresis, transferred to nitrocellulose and subjected to Western analysts as described (Bumette et al. 
Anal. Biochem. 112, 195-203 (1981); BItott et aL Gene 79, 167-180 (1989)) using a mixture of mouse anti- 
erythmpoietln monoclonal antibodies. One such antibody, 9G8A, is described in Bliott et ai. (1989) Blood 

65 HSupp.1,A.122B. 

Analysis of COS cell supematante transfected with [AsnF^] EPO and [Asn^^s ser^^] EPO cDNA 
revealed increased protein size compared to human sequence erythropoietin. This increased size Is 
indicative of an additional N-linked carbohydrate chain (Figure 7). Treatment of supematants firom COS cells 
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transfected with [Thr^^] EPO and [Pro^^, Thr^^] EPO cDNA wHh N-glycanas8 revealed an increased 
protein size compared to human sequence erythropoietin. This Increased size Is indicathm of an ad(fitional 
OUnlced cart)ohydrate chain (Figure 8). Western blot analysis of other selected analogs is shown in Figure 
10. 

$ To determine the number of N-Gnlced cartx)hydrate chains attached to EPO, partial M-glycanase 
digestions were performed. Analogs or rHuEPO were expressed in CHO cells and conditioned serum free 
medium was collected. Tubes contained 40 units of EPO (volume acQusted to 15 ul with HbO) To each tube 
was added 10 ui 0.5% SOS and each sample was boiled for 3 minutes. Then the followbig components 
were added, 10.8 ui 0.5M NaPOi pH8.6, Sul 7.5% nonidet P40 and 15 ul of 250 unit/ml f^lycanase 

10 (Genzyme). Samples were incubated for the indicated times at 37*t^. The reaction was stopped by the 
addition of SDS*PAQE sample buffer (see above) and then sut)iectBd to SDS-PAGE western analysis (10% 
acrylamide) using an anti-EPO polyclonal antibody and a anti-rabbit Vectastain^ kit (Vector laboratories) 
with 4-chloronaphthol as substrate. An analysis of NHinked chains using this method is shown in Figure 11 
for human erythropoietin and analog N14. 

75 

B. Assays for erythropoietin analog activtty 

RIAs were performed according to Egrie et al., supra. ElAs were performed with CLINIGEN^ EIA lot (R 
and D Systems) using procedures suppHed by the manufacturer. The in vivo biological activity of 

20 erythropoietin analogs was determined on supematants from CHO cells expressing an erythropoietin analog 
or on purified erythropoietin obtained from CHO cell conditioned medium as described below using the 
exhypoxic polycythemic mouse bioassay (Cotes et al., 

in vitro erythropoietin activity was determined by the erythroid colony fomning assay as described by 
iscove et al. J. Cell Physiol. 309-320 (1974) with modifications. The mononucleated ceils from human 

25 bone marrow cells were partially purified on a ficoll-paque cushion and washed in Iscove medium before 
plating to remove the adherent cells. The culture medium contained 0.9% methyl cellulose and did not 
include any bovine semm albumin. The erythroid colonies ivere scored after 8 to 10 days of culture. 

The erythropoietin analogs transfected and pressed In COS cells as described In Example 6 were 
analyzed In crude. COS cell supematants using RIA, EIA and an erythroid colony fbrming assay. Purified 

so human sequence erythropoietin has an in yi^ activity that was comparable to the RIA activity as 
determined by the above-mentioned assays. The analogs [AsnP*] EPO, (Thr^^s) gpo and [Pro^^, Thr'^sj 
EPO exhibited an in ^t[o activity that was comparatrfe to the RIA activity and gave evidence of having 
additional carbohydrate chains (as determined in Section A), rfhr^^] EPO and analogs N4, Nil, N14. N16, 
N18, N47. N48, 062, N01 and N02 were analyzed further by transfecting a cDNA done enoocfing the 

ss erythropoietin analog Into CHO cells, and subjecting the CHO cell supematants to RIA or EIA and in vivo 
biological assays. The results are shown in Table 6. In vivo activities for analogs R1, R2 and R3 expressed 
in CHO cell supematants are shown hn Table 7. 
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TABLE 6 

ERXTHROPOIETIN ANALOGS HAVING 
ADDITIONAL CARBOHYDRATE CHAINS 



EPO Sequence 


M-Linked* 
Chains 


0-Linked 
Chains 


Activity 

RIA or EIA 


Human 


3^ 


i^ 


a.6 


A3n30Thr32 


3 to 4C 


n.t. 


1.1 


Asn51xhr53 


4 


n.t. 


n.t. 


A3n57Thr59 


4 


n.t. 


n.t. 


AsnC9 


4 


reduced^ 


n.t. 


AsnC^Thr^l 


4 


n.t. 


0.25-0.7 


Ser68Aan69Thr71 


4 • 


n.t. 


n.t. 


Val87Asn88Thr50 


4C 


n.t. 


1.8 


Ser37A3n88Thr90 


3 to 4« 


normal 


1.0 


Ser 8 7A3n8 SQlyS 9Thr 90 


4 


n.t. 


n.t. 


Ser87A3n88Thr50Thr92 


4 


reduced® 


n.t. 




4 


n.t. 


n.c 




4 


n.t. 


n.t.- 


Ser87Asn88Thr50AXal62 


4 


. n.t. 


^1.8 




3 to 4 


n.t. 


n.t. 


A8nl38Thrl40 


3 to 4 


n.t. 


n.t. 


Asn69Thr71Ser87A3n88Thr90 


4 to 5 


n.t* 


0.025-0.25 


Asn30Thr32val87A3n88Thr^0 


4 to 5« 


noxnal 


1.8 


Thrl23 


3 


1 and 2f 


n.t. 


Thrl25 


3 


1 and 2^ 


0.7 


Prol24xhrl25 


3 


1 and 2^ 


n.t. 


HCG C*tenninal extension 


3 


at least 39 


1.0-1.3 


Ser87A3n88Thr90 






1.5 


HCG extension 


4 


at least 39 


A3n30Thr32val87A3n88Thr90 






0.8 


HCG extension 


4 to 5 


at least 39 
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TABLE 6 FOOTNOTES 

^The number of additional N-llnked chains was estimated 
based upon the mobility of the analog polypeptides in SDS 
gels as described in Example 7A. 

bRatlo of in vlvQ activity of analog to amoimt of 
erythropoietin analog. Activity measurements were done on 
CHO cell supematants of analogs using the mouse 
polycythemic bioassay. Quantities of erythropoietin 
analogs in CHO cell supernatants were determined by RIA or 
EIA as described In the text. 

Confirmation of the number of additional carbohydrate 
chains was made by examining the glycoprotein migration in 
SDS-gels after partial N-glycanase digestion as described 
in Exaiiple 7A. 

do-linked chain at Ser^^^ is present on 70% of human 
erythropoietin molecules. 

©Analogs having reduced 0-glycosylation have a carbohydrate 
chain at Serl26 on less than 70% of the molecules, 

fThri23 EPO has two 0--linked chains on greater than 60% of 
the molecules. Thri25 epO has two 0-linked chains on 
about 40% of the molecules. Proi24Thri25 epo has two 
0-llnked chains on greater than 80% of the molecules. 

gThese analogs have at least three 0-1 inked chains and may 
have four or five. HCG alone is known to have four 
0--linked chains. 



N.T. NOT TESTED 



TABLE 7 



ACIWITY OF HUMAN EfmHROPOiEHN Am AI^OGS HA^^^ 

REARRANGEMENTS 


EPO Sequence 


. N-Unked Chains 


A) WvD Activity RIA or EIA 


Human 


3 


0.69 


Glri» 


2 


0.16 




2 


0.16 


Gln83 


2 


0^ 


Gli^Ser«'Asn88Thr®«' (Rl) 


3 


0.69 


Gln»Sei«'AsnB»Ttir«o (R2) 


3 


0.41 


Grn83Ser»'Asn»»Thr9<^ (R3) 


3 


0.50 


Sei«'Asn»»Thi«o 


3to4 


1.48 


Ratio of in vivo activity to RIA or EIA was determined as described in footnote a of Table 6. 
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C. Preparation of Isofdrm Mixtures Derived from Erythropoietin Analogs 

rn>r3giEro(EPO(»o) 

5 The erythropoietin analog [Thr^^] EPO was constructed as described in [Section A] Bcample 6. An 810 
bp. erythropoietin cDNA fragment canrying the [Thr^^] mutation was isolated by cleaving the plasmid pEC 
contalnbig the [Thr*®] mutation with BstEII and Bglli and Rgating the fragment to pDECA, [a derivative of 
pDSa2] (descn'bed in Example 6). 

Plasmid pDECA containing [Thr^^] erythropoietin cDNA was transfected into DHFFVdeficient CHO 

10 cells. 770 ml of CHO ceil conditioned medium was concentrated using a 10,000 dalton molecular weight 
cut-off membrane and diafiltered against 10 mM Tris-HCI, pH 8.6 to a final volume of 34 ml. A 17 mL 
aliquot of the concentrate was loaded onto a Q»Sepharose fast flow column (5 ml bed volume) equilitirated 
In tiie same buffer and eluted In a linear gradient of 0-250 mM NaCt in 10 mM Tris-HCI, pH 8.8. ATrquots of 
column fractions, either untreated or digested with N-glycanase, were analyzed by SOS-PAGE or lEF and 

15 pools (designated 2, 3 and 4) were made based upon the isoform and/or cartx)hydrate composition of the 
fractions. Each pool was loaded onto a Vydac C4 column (214TPB 2030; 1 cm diameter; 1.8-2.5 rrU bed 
volume; 0.34 mlAnnin) and washed witti two column volumes of 20% ethanol In 10 mM Tris-HCI, pH 7.0. The 
columns were eluted witti linear gradients of 20-94% ettianol. 10 mM Tris, pH 7.0. Pools were made, diluted 
into 10 mM Tris-HCI. pH 7.0. and loaded onto Q-Sepharose fast flow columns. Following a wash in 10 mM 

20 Tris-HCI, pH 7.0, tfie samples were eluted wiih 20 mM sodium citrate, 250 mM NaCt, pH 7.0. The purified 
[Thr^^] pools were analyzed by lEF and are shown in Rg. 9. These pools were also analyzed for in vivo 
biological activity as described above (Cotes et al., supra) and ttte results shown in Table 8. 

SergZAsngThig EPO (EPO N14) 

25 

Prep. 1 

The EPO N14 analog was purified using a three step procedure consisting of Ion exchange chromatog- 
raphy, reverse phase chromatography and gel filtration chramatography. During the ion exchange step. 
•30 fractions were pooled to give a mixture of Isofonms having high levels of sialic add. Two additional pools 
were made during reverse phase chromatography containing tiie analog witti or without aggregate. The 
details of ttie purification are set out below. 

1. Conditional niedium from CHO cells expressing ttie EPO N14 analog was harvested and concentrated 
approximately 2.54oid using a stinred cell with YM10 membrane (Amicon) and diafiltered against lOmM 

35 Tris pH as. 

2. The concentrated medium was loaded at -12 A28o/ml redn to Q-Sepharose FF (Pharmacia) column 
equilibrated in ibmM Tris pH 8.5 at a flow rate of 02 crn/min. 

3. Following ttie load, tiie column was washed witti 3 column volumes (CV) of lOmM Tris pH as and 
eluted wfth a gradient of Mim NaCI/IOmM Tris pH as in 50CV. 1CV fractions were collected. 

40 4. A sample of each fraction was run on an lEF gel pH 3-5. Based on the IsofrNrm distribution on lEF, a 
fraction pool containing largely isoforms 11-18 was made. EDTA was added to the pool to ImM final 
concentration. 

5. The isofonm pool was loaded at -5 AzsoMil resin to a reverse phase C4 column (Vydac) equilibrated 
in 20% ettianol^OmM Tris pH 7i) at a flow rate of 2.5 cmMn. The column was washed witti 1CV of 

45 20% elhanoVIOmM Tris pH 7i) and eluted witti a graifont of 2M4% etfianol^OmM Tris pH 7.0 in 30CV 
. at a flow rate of1cmMiln.0.2CV fractions were collected. 
8. A sample of each fraction was analyzed by non-redudng 12% SDS-PAGE Two separate pools were 
made based on ttie presence of aggregate observed on SDS gels. Pool #1 contained EPO analog but no 
aggregate. Pool #2 contained botti EPO analog and aggregate. 

50 7. Pool #1 was concenfrated approximately 8&-fbld and pool #2 approximately 250-fold using Centricon 
10*s ^Icon) . Each pool was buffer ^changed into 20mM Nadtrate/IOOmM NaCI pH7.0. 
a Each pool was individually piirifi^ on HPLC BioSil SEC-250 (BioRad) column equilibrated in 20mM 
NaCrtrate/IOOmM NaCI pH7.0. Pools were loaded at <6 A280/ml resin at a flow rate of 226 cm/min. 
Peaks corresponding to monomeric analogs were collected from each run. 

55 9. The absort)ance of each pool was measured and a portion of each pool was concentrated for analysis 
by SDS-PAGE and lEF gels. Pool #1 had a distribution of Isofbmis 15-17 and was used for phar- 
macokinetic and receptor tending studies. 
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Prep. 2 

EPO N14 analog was purified using a three step procedure consisting erf ion exchange chromatography, 
reverse phase HPLC, and hydroxylapalite chromatography. During the ion exchange step, the analog was 
5 divided into three pools containing different mixtures of isofbrms. The details of the purification are set out 

1. Supernatant from CHO cells expressing EPO N14 were harvested and concentrated approximately 10- 
. fold using a FiRron Mini-Uhrasette tangential flow device and diafiltered against lOmM Tns pH 8.5. 

2. The concentrated medium was loaded at -10 A28o/innl resin to Q-Sepharose FF (Phanrtada) column 
10 equilibrated in lOmM Tris pH 8^5 at a flow rate of 0.2 cm/min. 

3. Following the load, the column was washed with three column volumes (CV) of lOmM Tris pH8.5 and 
efuted with a gradient of 0^.5M NaCinOmM Tris pH as in 50CV. 1 CV fractions were coHected. 

4. A sample of each fraction was run on an lEF get pH 3-5. Three separate fraction pools were prepared 
based on the isofonn distribution as determined by lEF. A low isofonn pool (isofonn 4-12), a medium 

rs isoform pool (isoform 5-15), and a high isoform pool (isoform 6-18) were made. 

5. Each isoform pool was individually purified on a Vydac C4 reverse phase HPLC column. The column 
was developed with a sM^ent from 0.1% TFA/H2O to 0.1% TFA/75% acetonitrile at a rate of 1% 
increase in acetonitrile per minute. 

6. The analog peak from each pool was collected and diluted with 4 volumes 80mM Tris HC1/20mM Tris 
20 base, then concentrated and buffer exchanged into lOmM Tris pH 7JZ using solvent resistant Centricon 

3's. 

7. Each sample was diluted to 2 ^so/ml in lOmM Tris pH 7Jt and an equal volume of 4M Guanidine 
KC1 (GuHCl), lOmM CHAPS, lOmM Tris pH 72 was added for a final sample concentration of 1 
Azso/ml. Each sample was loaded onto a hydroxylapatite minicolumn equilibrated with 2M GuHCI, 5mM 

25 CHAPS, lOmM Tris pH 7.2. The column was washed with equilibration buffer and 1 CV fractions of flow 
through were collected. 

8. The absorbance of fractions was measured and pools were made and buffer exchanged into lOmM 
Tris pH 7.2 using Centricon IQ's. The absorbance of each pool was measured. 

The final pools were analyzed by SDS-PAGE and lEF gels. The lEF gels are shown In Figure 12. The 
30 RIA and in vivo Su:tivity assays were perfonned as described in Example 7A. The in ^vo activity of the final 
isoform pools is reported in Table a The high slafic add isoform pool was used in experiments to 
determine the Increase foi the hematocrit of mice. 

TABLES 

3S 



ACTIVITY OF ISOFORMS FROM ERYTHROPOIETIN ANALOGS 


EPO Sequence 


Isoform Pool 


In vivo activity u/wg. peptide' 


Thr^» 


Isolbnms 8-12 
Isofbrms 9-15 
Isofbrms 13-15 


147.000** 
215,000^ 
111,000** 


Sei«'Asr^»Thr»o 


lsof6nms7-12 
Isofbrms 10-14 
Isoforms 12-17 


132.000 ±17,000 

233.0001 39,000 
272.000 ± 14,000 



^nigrams of erythropoietin peptide were calculated from A^bo of the 
Sor*'Asn^>Thi®o EPO isofonm pools using an extinction coefficient of 0J3 for a 
Irrig/ml solution. 

'Standard deviations for Thr^^ EF>0 isoform pools are not reported since activity 
assays were dona either once or twice. 



Example 8: Bfological Properties of EPO N14 Analog 

65 ' 

The acth^es of isofom) pools of EPO N14 analog, recombinant human erythropoietin (rHuEPO) and 
isolated rHuEPO isoform 14 were compared In i.v. phanmacoWnetic assays, receptor binding assays and 
hematocrit studies. EPO N14 isoform pools were prepared as described in Example 7C. rHuEPO was 
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prepared according to Lai et al. supra. rHuEPO isoform 14 was purified as foltows: rHuEPO consisting of a 
mixture of isofbrms 10, 11, 12, 13. 14 and 15 was loaded to a Q-Sepharose Fast Flow cotumn (Dimensions 
= 2^ cm dia. X 3.4 cm hi) equilit)rated in 10 mM Tris pH 7^. The loaded column was equilibrated to 2mM 
acetic add / 6 M urea ("A" tniffer) then a multiphasic gradtent designed to optimize purification of isoforms 

5 13 and 14 was run. TTie gradient was 0% to 7.3% 800 mM acetic add / 6 M urea (*B* buffer) in 750 mL, 
7.3% to 11.4% -B' buffer in 750 mU 11.4% to 26.8% "B" buffer in 1250 mL. 26.8% to 62.4% *B** buffer in 
1250 mt^ then 62.4% to 100% *B* buffer in 700 mL Fractions of 125 mL were collected, neutrafized with 
ammonium hydroxide, then assayed by isoelectric focusing in polyacrylamlde gels. Those fractions 
containing pure feofbrm 14 were pooled together, concentrated with an Amicon stirred cell equipped with a 

10 YM-10 membrane then buffer exchange to water. 

A. IV Pharmacoldnetics 

Two separate studies were perfonned to compare the pharmacokinetic parameters of EPO N14 analog 

16 OsofomfiS 15-17) and isolated isofonn 14 to rHuEPO. 

In each study 1 uC\ of either ^^Nsolated isoform 14, ^^l-EPO N14 analog, or ^^kecombinant human 
erythropoietin (Amer^am) was tn^cted intravenously into a carotid cannula 'm male Sprague-Dawley rats 
weighing between 310-378g. At varknis time points after administration, 0.3ml of blood was collected and 
serum was prepared by centrifugatlon. The ^^hEPO (either recombinant human, isolated isofonn 14, or 

20 EPO N14 analog) concentration In 0.1ml of each serum sample was then detenmined following an overnight 
4^C incubation with 90% ethand. The ethanol-precipitated '^l-EPO in each serum sample was counted in 
a gamma counter and the resulting pharmacolcinettc curves are shown in figure 13. The pharmacokinetic 
paranteters were detennnined for each rat using PCNONUN 4.0 nonlinear regresston analysis (Statistical 
Consultants, 1992) and the results for each group were averaged. Ihe results from the EPO N14 analog and 

25 the isolated isofonn 14 pharmacokinetic studies are summarized in Table 9. 

As seen in Table 9. there is a significant difference in the serum clearance of EPO N14 analog when 
compared to that calculated for recombinant human erythropoietin. The recombinant human erythropoietin 
displayed the fastest beta half-life of aiO hrs compared to 3.97 hrs for isolated isoform 14 and 4.36 hrs for 
EPO N14 anak)g. The recombinant human erythropoietin group also had the fastest dearance half-IHe of 

30 1 .78 Ivs compared to 2.40 hrs for isolated isofbmi 1 4 and 3.03 hrs for EPO N1 4 analog. 
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B. Receptor Binding Assays 

The interaction of EPO N14 analog Osofonns 15-17) with the erythropoietin receptor was studied by a 
cold displacement assay using human erythroleukemia OCIMI ceils (Papayannopoulou et al. Blood 64 - 
(supp.1), 116a (1984)). Increasing concentrations of unlat)eied EPO N14 were incut>ated with OCIMI oeils 
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along with a constant concentration of ^^hrHuEPO to determ^e the amount of EPO N14 required to 
compete with ^^1 rHuEPO for binding to the receptor. As a comparison, increasing concentrations of 
unlabeled rHuEPO were also competed with a constant concentration of ^^kHuEPO. 

Unlabeled EPO N14 was diluted in assay buffer and added in amounts of 0.03ng. 0.1ng, 0.3ng, 1.0ng, 

5 3.0ng» 10.0ng, and SO.Ong (based on peptide mass). 0.5ng of ^^kecombinant human EPO were added to 
an assay tubes followed by the addition of approximately 0.5x10^ 0CIM1 ceils. The assay tubes were then 
incubated at 37*0 in a shak^ water bath for 2 hours. Following the incubation^ the solutions were 
centrifuged through a dItHityl phthatate/t>l-phthalate oil solution to separate unbourKl ^^kHuEPO from 
rHuEPO bound to 0CIM1 cells. Cell pellets were isolated and the amount of ^^kHuEPO bound to the cells 

70 was determined by gamma counting. Counts specifically bound to the cells were calculated and the 
concentration of unlabeled protein required to compete 50% of the *^hrHuEPO binding in the absence of 
competitor was determined by finear regression analysis. 

The results of three assays indicated that an average of 2.67 t 0.73ng of unlabeled EPO N14 peptide 
was required to reduce ^^^i-rHuEPO binding to 0CIM1 cells by 50%. In the same three assays, unlabeled 

fs rHuEPO required an average of 0.51 t 0.15 ng to compete with the binding of 0.5ng of ^^hrHuEPO. Based 
upon these results, a 5.25 fold excess of EPO N14 was required to compete the binding of ^^kHuEPO to 
the EPO receptor compared to unlabeled r-HuEPO (p<0.01). 

An addftbnai experiment was perfbmied to make a direct comparison between EPO N14 analog. 
Isolated isoform 14, and recombinant erythropoietin for binding to the erythropoietin receptor. The results of 

20 this experiment indicate that EPO N14 analog had a lower affinity for the receptor than isolated isoform 14. 
An approximate two-fold excess of EPO N14 analog was required to compete the binding of ^^kHuEPO to 
the receptor compared to unlabeled isofonn 14 (Figure 14). 

C. Hematocrit Study 

25 

An in vivo study was perfonned to compare the ability of EPO N14 high and low isoform pools (from 
prep 2 described in Example 7C), isolated isofonn 14. and recombinant human EPO to increase the 
hematocrit of treated mice. The isoform distribution of EPO N14 high and low isoform pools used in this 
study is shown in Figure 12. 

30 CD1 mtCQ (about 30g) were injected intraperitoneally three times p^ week for a fiDtal of six weeks with 
one of the above preparatkms prepared in 0.25% mouse serum albumin, or with placebo (PBS wHh 0.25% 
mouse serum albumin). The dosage of erythropoietin preparations was based on peptide mass, so that a 
30g mouse received either 0.071ug of peptide/dose for EPO N14 high pool» EPO N14 tow pool, isoform 14, 
and r-HuEPO standard. An addittonal dosage group of 0X)36ug of pepSde/dose was included fbr EPO N14 

35 high pool and isofbnm 14. The hematocrits of all mice were determined at baseline and twice weekly 
thereafter by retroorbital bleeds. At the conclusion of the experiment, serum from all animals was collected 
and assayed for antibodies to the injected product Data from animals judged to be negative fbr neutralizing 
antibodies was used for subsequent analysis. 

As stiown in figure 15, animals treated with the EPO N14 high isoform pool attained the highest group 

40 average hematocrits compared to the other preparations. Isofonm 14, reoombihant human EPO and the EPO 
N14 low isoform pool increaised hematocrit to a lesser extent 

In order to compare the different erythropoietin preparations in a more quantitative manner, the average 
initial rate of hematocrit rise (0-11 days), area under the curve (0-39 days), and the total hematocrit increase 
were cateulaled (Fabfe 10). By any of these criteria, the EPO N14 h^ isoform pool appears to be more 

45 acthw on a peptide mass basis than any other preparation tested. Both the EPO N14 high isofbmi pool and 
isoform 14 were more acthre than recombinant human EPO. The EPO N14 tow pool had the towest activity 
when any of the analyses was used for comparison. 
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While the invention has been descht)ed in what is considered to be its preferred embodiments, it is not 
to be limited to the disclosed embodiments, but on the contrary, is intended to cover various modifications 
55 and equivalents included within the spirit and scope of the appended claims, which scope is to be accorded 
the broadest interpretation so as to encompass all such modifications and equivalents. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: Amgen Inc. 

(ii) TITLE OP INVENTION: Erythropoietin Analogs 

(iii) NOMBER OF SEQUENCES: 26 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Amgen Inc. 

<B) STREET: Amgen Center, 1840 DeHavilland Drive 

(C) CITY: Thousand Oaks 

(D) STATE: California 

(E) COUNTRY: U.S.A. 

(F) ZIP: 91320-1789 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentin Release #1.0, Version #1.25 

(2) INFORMATION FOR SBQ ID N0:1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 
CGCCCACCAA ACCTCAGCTG TGACAGCOGA 



(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOI.BCDLB TYPE: cDMA 
(xl) SBQDBNCB DESCRIPTION: SBQ ID N0:2: 
ATCTGTACAA C0GAA6CCT6 GAGAGGT 



(2) IHPOmkTim FOR SEQ ID M0:3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) T7PE: nucleic acid 

(C) STRAMDBDMBSS: single 

(D) TOPOUXnr: linear 

(ii) NOIiBCULB TYPE: cDNA 
<xi) SEQUENCE DESCRIPTION: SEQ ID N0:3: 
GGGCCT66CC AACCTGTOSG AA6 



(2) INFORMATION FOR SEQ ID N0:4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

> (ii) HOLBCULB TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
TCCCCTCCAG ATAATGCCTC AGCT6C 



(2) INFORMATION FOR SBQ ID N0:5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: CDNA 
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(xi) SBQUEKCB DBSCRIETION: SBQ ID NO: 5:. 
CAGAT6CGAA CTCATCTGCT CQ^ 



{2) INFORMATION FOR SBQ ID N0:6: 

(i) SBQUBNCB CSARACTBRISTICS : 

(A) LBN6TR: 33 base pairs 

(B) T7PB: xmcleic acid 

(C) STRAHDBDNBSS : single 

(D) TOPOLOGY: linear 

(ii) MOLBCULB TYPE: cDNA 
(xi) SBQUBNCB DESCRIPTION: SBQ ID NO: 6: 
AGGCC7GCA6 GAAT6G6A6C AGATGACCA6 GTS 



(2) INFORMATION FOR SEQ ID N0:7: 

(i) SBQUBNCB CHARACTBRISTICS : 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLBCULB TYPE: cONA 
(xi) SBQUBNCB DESCRIPTION: SBQ ID NO: 7: 
TCCAGATGOG ACCTCAGCTG CTC 



(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SBQUBNCB CHARACTBRISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPB: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLBCDLB TYPE: cDNA 
(xi) SBQUBNCB DESCRIPTION: SBQ ID NO: 8: 
CCTCCAGATC CGACCTCAGC TGC 
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(2) INFORMATION FOR SBQ ID N0:9: 

(i) SBQUHNCB CHARACTERISTICS: 
(A) LENGTH: 28 base pairs 
(B> T7PB: nucleic acid 

(C) STRANDBDNBSS: single 

(D) TOPOLOGY: linear 

(ii) MOLBCULB TYPE: CDNA 
(xi) SEQUENCE DESCRIPTION: SBQ ID NO: 9: 
GG6CCTGGCC AACCTGACA6 AAGCTGTC 



(2) INFORMATION FOR SBQ ID NO:10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LBNGPIH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDBDNBSS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(xi) SEQUENCE DESCRIPTION: SBQ ID NO: 10: 
CAGGGCCTGT CCAACCTGAC AGAAGCTGTC 



(2) INFORMATION FOR SBQ ID N0:11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(xi) SEQUENCE DESCRIPTION: SBQ ID NO: 11: 
CAGAT6GGAA CTCAAOGGCT CCAC 
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(2) INFORMATICS FOR SEQ ID N0:12: 

(i) SBQUBNCB CHARACTERISTICS: 

(A) LENGTH: 35 base pairs 

(B) TYPE: nucleic acid 

(C) STRAMDBDNBSS: single 

(D) TOPGLOOr: linear 

(ii) MOLBCULB TYPE: cDNA 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
'atgcgaactc AAOGGCTCCA CTCACAACAA TCACT 35 

(2) INFORMATION FOR SEQ ID N0:13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDBDNBSS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(xi) SEQUENCE DESC31IPTI0N: SEQ ID NO: 13: 
CCAGATCCAA ATTCATCTGC TCCACTC 27 

(2) INFORMATION FOR SEQ ID N0:14: 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 27 base pairs 
35 . (B) TYPE: nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cI»IA 

40 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
CCAGATCCAA ATTCAACAGC TCCACTC 27 
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(2) INFORMATION FOR SBQ ID N0:15: 

(i) SBQUENCB CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) T^TFB: nucleic acid 

(C) STRAMDBDNBSS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDMA 
(xi) SEQUENCE DESCRIPTION: SBQ ID N0:15: 
CCAGAT6CGA CAACAGCTGC TCCA 



(2) INFORMATION FOR SBQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 23 base pairs 
{B> TYPE: nucleic acid 

(C) STRANDEDNBSS: single 

(D) TOPOLOGY: linear 

{ii) MOLECULE TYPE: cDNA 
(xi) SBQUENCB DESCRIPTION: SBQ ID NO: 16: 
AGATCCGACC ACCGCTGCTC CAC 



(2) INFORMATION FOR SEQ ID N0:17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cI»iA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 
TC5CTCCACTC ACAACAATCTl CTG 
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(2) INF0RM2VTZ0N FOR SEQ ID NO: 18: 

(i) SBQUHICB CHARACTBRISTICS: 
5 (A) LENGTH: 184 base pairs 

(B) lYPB: nucleic acid 

(C) STRAMDEDNBSS: single 

(D) TOPOLOCT: linear 

,0 (ii) HOLECULB lYPB: CDNA 

(xi) SBQOBMCB DBSCRIPTIOH: SBQ ID NO: 18: 

5 

TCGAGGAACT GAAAAACXftG AAAGITAACT GGTAAGTTTA (SrCTTTTTCT CTTrTATTTC 60 
AGGTCCOGGA TCCGGTGGTG GTGCAAATCA AAGAACTGCT CCTCAGTGGA TCTTGCCTTr 120 
ACTTCTAGGC CIOTACGGAA GTGTTACTTC TGCTCTAAAA GCTGCTGCAA CAAGCTGGTC 180 
20 184 

(2) INFORMATION FOR SBQ ID NO a9: 



25 



(i) SBQUENCB CHARACTBRISTICS: 

(A) LBN61H: 107 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS: double 

(D) TOPOLOGY: linear 

^ (ii) MOLBCDLB TYPB: cDNA 

(xi) SBQUENCB DESCRIPTION: SBQ ID NO: 19: 
CCTGTAGGAC A6GGGACAGA TCCTCTTCCT CAAAGGCCCC TCCCCCCAGC CTTCCAAGTC 60 

35 

CATCCCGACP CCCGGGGCCC TCGGACACCC CGATCCTCCC ACAATtSA i07 
(2) INFORMATION FOR SBQ ID NO: 20: 

40 

(i) SBQUENCB CHARACTBRISTICS: 

(A) LENGTH: 108 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS: double 
45 (0) TOPOLOGY: linear 

(ii) MOLBCDLB TYPE: cDNA 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 
GATCTCATTS TGGGAGGATC GGGGTGTCC6 AGG6CCCCG6 GACTCGGGAT GGACTTOGAA 
GGCTGGQGGG AGGGGCOSAG GAAGAQGATC TGTCCCCTOr CCTACAGG 



(2) INFORMATION FOR SEQ ID N0:21: 

(1) SBf^JBNCB CBARACrBRISTICS: 

(A) IiBNGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDBDNSSS: single 

(D) TOPOLOGY: linear 

(ii) HOLBCOLB TYPE: cDKA 
(xi) iSBQUENCB DESCRIPTION: SEQ ID NO: 21: 
GGAGGCC6A6 CAGATCAOGA CGG 



(2) INFORMATION FOR SEQ ID NO:22: 

(i) SEQUENCE CHARACTBRISTICS : 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: linear 

(ii) MOLBCDLB TYPE: cDNA 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 
CTTGAATGAG CAGATCACTO TCC 



(2) INFORMATION FOR SEQ ID NO:23: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
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(xi) SBQOBNCB DBSCRIPTION: SEQ ID NO: 23: 
CTGTTGGTCC AGTCTTCCCA 6 21 

(2) INFORMATION FOR SEQ ID NO: 24: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDBDNESS: single 

(D) TOPOLOGY: linear 

'5 (ii) MOLECULE TYPE: tDSA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 

CCTGTTCGTC CAGTCTTCCC AGC 23 
20 - 

(2) INFORMATION FOR SEQ ID NO: 25: 

(i) SEQUENCE CHARACTERISTICS: 
25 (A) LENGTH: 28 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNBSS : single 

(D) TOPOLOGY: linear 
(ii) HOLECULR^TYPB: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25: 
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Ser Ser Ser Ser Lys Ala Pro Pro Pro Ser Leu Pro Ser Pro Ser Arg 
15 10 15 

Leu Pro Gly Pro Ser Asp Thr Pro He Leu Pro GXn 
20 25 



(2) INFORMATION FOR SEQ ID NO: 26: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 193 amino acids 

(B) TYPE: amino acid 

(C) STRANDBDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 
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(xi) SEQUENCB DBSCRIPTION: SBQ ID NO: 26: 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 

Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 

He Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 

Ala Glu Asn He Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 

Asn He Tbr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 

Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 

Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 110 

Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 

Leu Arg Ser Leu Thr Thr Lett Leu Arg Ala Leu Gly Ala Gin Lys Glu 
130 135 140 

Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 

Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 175 

Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 

Arg 



Claims 

1. An analog of human erythropoietin comprising an amino acid sequence which Includes at least one 
additional sRe for glycosyl^ion. 

Z The analog of Claim 1 wherein the glycosylation site is ^ 

3l The analog of Claim 1 wherein the glycosylation site is for an 0-l!nked cark)ohydrate chain. 

4. The analog of Claim 1 having at least one additional carbohydrate chain attached thereto. 

5. The analog of Claim 4 wherein the cart)ohydrate chain is an N-iinlced carbohydrate chain. 
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& The analog of Clahn 4 wherein the carbohydrate chain is an O-Dnked cart)ohydrata chain. 

7. The analog of any one of Claims 1 to 8 which is the product of expression of an m>genous DMA 
sequence. 

8l The analog of Claim 2 wherein an aspargine residue is sut>strtuted at any of positions 30, 51, 57, 69, 
88,89, 136 or 138 of the amino add sequence of human erythropoietin. 

9. The analog of Claim 3 wherein a serine or threonine residue is sut>stituted at position 125 of the amino 
acid sequerice of human erythropoietin. 

ia An analog of human erythropoistin selected from the group consisting of: 

Asn30Thr32 epO; 
Asn5lThr53 EPO; 
Asn57Thr59 epO; 
Asn^^EPO; 
Asn^^Thr*'! EPO; 
Ser^^Asn^^Thr^i EPO; 
Val^^AsnS^Thr^O epO; 
Ser^^AsnSfiThr^O EPO; 
Ser87Asn88Gly89Thr90 epO; 
Ser87Asn88Thr90Thr92 ePO; 
Ser^^Asn^flThr^OAlai^f^ EPO; 
Asn^5Thr"'iSer^''Asnfi®fhr^o EPO; 
Asn30Thr32val87Asn88Thr5<* EPO; 
Asn89lle90Thr91 EPO; 
Ser«7Asn89lle90Thr51 EPO; 
Asnl36Thri38 epO; 
Asnl3^Thri40 epo; 
Thr^25 EPO; and 
Prol24Thrl25 EPO. 

11. An analog of human erythropoietin comprising an addition of one or more amino adds to the carboxy 
termfrial end of erythropoietin wherein the addition includes at least one glycosylation site. 

12. The analog of Claim 11 wherein the addition comprises a peptide fragment derived from the cartwxy 
terminal end of human chorionic gonadotropin. 

ia The analog of Claim 12 selected from the group consisting of: 

(a) human erythropoietin having ttie amino acid sequence Ser-Ser-Ser-Ser-Lys-Ala*Pro-Pro-Pn>-Ser- 
Leu-Pro-Ser-Pro-Ser-Arg-Leu-Pro-Gly-Pro-Ser-Asp-Thr-Pro-lle-Leu-Pro-GIn extending from the car- 
\xrxy terminus; 

(b) tfie analog in (a) further corhprising Sef«^Asn"Thr8<> EPO; and 

(c) the analog in (a) further comprising Asn^Thr^^VaP 'AsnP^Thr**^ EPO. 
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14. An analog of human erythropoietin comprising an amino add sequence which includes a rearrangement 
of at ieast one site for glycosytation. 

1& The analog of Claim 14 wherein the rearrangenmnt comprises a deletion of any of the N-finked 
5 . carbohydrate sHes in human erythropoietin aiKf an addition of an N-IInked carbohydiatB site at position 
68 of the amino add sequence of human erythropdetin. 

16. The analog of Claim 15 selected from the group consisting of: 

« Gln24Ser«7Asn83Thr^^ EPO; 

Gln3Sser87Asn8«Thr^0 gpO; and 
Gln83ser8''Asn88Thr50 epo. 

IS 

17. A DMA sequence encoding an analog of human erythropdetin according to any one of Claims 1 to IS. 

18b A eucaryotic host cell transfected with a DNA sequence according to Claim 17 in a manner allowing the 
20 host cell to express an analog of human erythropoietin. 

19. A pharmaceutical composition comprising a therapeutically effective amount of an erythropoiet^ analog 
according to any one of Claims 1 to 16 together with a pharmaceutically acceptable diluent. acQuvant or 
carrier. 

25 
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